United States Patent m 

Schrader et al. 



US005896561A 
[li] Patent Number: 
[45] Date of Patent: 



5,896,561 
Apr. 20, 1999 



[54] COMMUNICATION NETWORK HAVING A 
DORMANT POLLING PROTOCOL 

[75] Inventors: Steven B. Schrader; Ronald L. 

Mahany, both of Cedar Rapids, Iowa 

[73] Assignee: Intermec IP Corp., Beverly Hills, 
Calif. 

pi] AppL No.: W/n3y477 
[22] Filed: Dec 23, 1996 

Related VS. Application Data 



[63] 



[51] 
[52] 

[58] 



[56] 



Continuation of application No. 08/443,769, May 24, 1995, 
abandoned, which is a continuation of application No. 
OS/1 19,278, Sep: 9, 1993, abandoned, which is a continua- 
tion-in-part of application No 07/864,300, Apr. 6, 1992, 
abandoned 



Int CL 6 
US. CI. . 



H04B nm 



455/67.1; 455/66; 455/517; 

37G/445; 370/449; 370/545 

Field of Search 455/3ZL 507, 

455/517, 526, 62, €3, 66, 67.1, 673, 67.4, 
343; 370/445, 446, 447, 448, 449, 450, 
457, 437, 545 

References Cited 
tLS. PATENT DOCUMENTS 



4,654,656 
4,736^71 
4,987,571 
5,012,469 
5,042,083 
5,070,553 
5,123,029 
5274,841 
5,355,375 



3/1987 
4/1988 
1/1991 
4/1991 
8/1991 
12/1991 
671992 
12/1993 
KV1994 



Deaveretal. ... 
Tejima et al. — 
Haymond et al. 

Sardinia 

Icbikawa 

Mahany etaj. 

Bantz et al 

Natarajan ct al. 
Omstensen 



... 370/95.2 
370/95 

370/85 

.... 370/95.3 

455/33 

«. 455/67.4 

« 375/1 

455/66 

37W446 



FOREIGN PATENT DOCUMENTS 
WO 91/16775 1W1991 WIPO . 

Primary Examiner-^ Thanh CongLe 

Attorney, Agent or Firm— Akin, Gumo, Strauss, Haver & 

Feld, LLP 



[57] 



ABSTRACT 
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A base station utilizing a dormant polling protocol transmits 
polling sequences to a plurality of remote transceivers 
during periods of heavy loading. During periods of light 
loading, the base station stops polling and enters into a 
dormant state, listening for communication request from the 
remote transceivers. Upon receiving such a request, the base 
station immediately responds by servicing the requesting 
remote transceiver. In mis way, the base station provides 
optimized utilization of the communication channel during 
periods of heavy and light loading conditions. The features 
of the dormant polling protocol may incorporate any polling 
protocol such as those described herein. 

14 Claims, 18 Drawing Sheets 
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COMMUNICATION NETWORK HAVING AN description taken in connection with the accompanying 

DORMANT POLLING PROTOCOL drawings, and from the respective features of the appended 

claims taken individually and in cooperative combinations. 

CROSS-REFERENCE TO RELATED 

APPUCATIONS 5 SUMMARY OF THE INVENTION 

This application is a continuation of U.S. patent applica- The present invention includes a method of optimizing 
tion Ser. No. 08/448,769 filed May 24, 1995, abandoned, communication exchanges in a radio frequency data com- 
which is a continuation of U.S. patent application Ser. No. munication network having a remote terminal and a base 
08/119,278 filed Sep. 9, 1993, now abandoned. Application station. In particular, the method comprises several steps. 
Ser. No. 08/119,278 is itself a continuation-in-part of U.S. io First an active state associated with a first protocol which 
patent application Ser. No. 07/864300 filed Apr. 6, 1993, permits the base station to control initiation of communica- 
now abandoned, and also claims priority to PCT Application U0D exchanges in the network is provided. Similarly, the 
Ser. No. PCT/US93/03152 filed Apr 6, 1993. network provides a dormant state associated with a second 

A w „ „ M protocol which permits the remote terminal to initiate com- 

BACKGROUND OF THE INVENTION is £uaicaJn aa ^ s in the communication networfc Tie 

The present invention relates to improvements in radio conditions of the communication channel are evaluated and 
data communication systems which utilize a polling either the dormant or active state is selected so as to optimize 
protocol, originating from a base station, to schedule and the response time on the communication network, 
maintain commun i cation with a number of remote trans- Additionally, in accordance with the present invention, a 
ceivcr units. More particularly, the present invention relates 20 mcthod is disclosed which is used by a base station to 
to a dormant polling protocol which schedules all commu- opt ^ 2jC communication on a communication channel with 
ni cation on a heavily loaded communication channel, while a c f remote transceivers. Specifically, at a first step, 

permitting unscheduled communication whenever the com- ^ mc level of ac tivity on the communication channel is 
munication channel is lightly loaded. determined to be greater than a transition threshold, the base 

To establish communication, polling protocols require a 25 statioD transmits a polling sequence, services each respond- 
base station to repeatedly poll each of the remote transceiver mg remote transceiver, and repeating this step. At a second 
units being serviced. Even during periods when no commu- step the level of activity on the communication channel 
ideation is taking place, the base stations must still continue is less than ^ c transition threshold, the base station awaits 
to poll, awaiting a response. This unproductive polling not a communication request from any of the plurality of remote 
only wastes the base station's energy (important when the 30 transceiver. Upon receiving a communication request, the 
base station is battery powered), but also unnecessarily base station services the requesting remote transceiver, and 
dominates a communication channel so as to interfere with branching to the first step. 

other communication on or near that channel. Additionally, in accordance with the present invention, a 

In addition, polling protocols are most effective under method used by a base station a radio frequency data 
conditions of heavy channel communication — where effec- 3 communication system to optimize communication on a 
tiveness is a measure of response time. During periods of communication channel with a plurality of remote trans- 
light channel communication, a CSMA (carrier-sense ceivers is disclosed. More particularly, this method includes 
multiple-access) type protocol which is initiated by the tnc 0 f transmitting a polling sequence, servicing each 
remote transceivers prove more effective than a polling responding remote transceiver, and repeating this step if the 
protocol However, neither of these types of cc^mmunicatioD 40 j eve t 0 f activity on the communication channel is deter- 
protocols prove most effective under both heavy and light mined to be greater than a transition threshold. Thereafter, 
communication loading. the base station starts to time a period of low-activity. Next, 

Accordingly, it is an important object of the invention to the base station transmits a polling sequence, services each 
provide a dormant polling protocol that effectively operates ^ responding remote transceiver, and if both the level of 
during periods from heavily to lightly loaded conditions. activity on the communication channel is determined to be 

Another object of the invention is to provide a radio data less than the transition threshold and the period of low- 
communication system utilizing a dormant polling protocol activity has not reached a threshold period, the base station 
to efficiently conserve transmission energy. adjusts the polling rate based on the period of low-activity 

A further object of the invention is to provide a radio data M and repeating this step. If the level of activity is greater than 
communication system having a dormant polling protocol the transition threshold, the base station resets the timing of 
that only utilizes a communication channel when necessary. the period of low-activity, resets the polling rate, and 

A further object of the invention is to provide aradio data branches to the first step. If, however, die level of activity is 
communication system which switches between one type of less than the transition threshold and the period of low- 
communication protocol to another in response to channel 55 activity has reached the predetermined threshold period, the 
loading characteristics. station cnters a dormant statc awaiung * commumca- 

Another object of the invention is to provide a radio data tion request from the remote transceivers, 
communication system which automatically chooses BRIEF DESCRIPTION OF THE DRAWINGS 

between a polling protocol and a remote initiated protocol to 

optimize channel efficiency. 60 ™ G is an illustration of a dormant polling protocol of 

Another object of the invention is to provide a radio data the present invention; 
communication system that manages communication on a FIG. IB is an illustration of a time-line representing a 
communication channel using a first protocol during periods modified version of the dormant polling protocol described 

— of-higher-ehanncl lo adi ng and a s e c ond protocol du ring in rel a tion to FIG . 1A ; 

periods of lower channel loading. 65 FIG. 1C is an illustration of a time-line representing a 

Other objects, features and advantages of the present further modified version of the dormant polling protocol of 
invention will be apparent from the following detailed the present invention described in FIGS. 1A and IB; 
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FIG. ID is a software flow diagram illustrating the baud) and a higher data rate (e.g. 9600 baud), FIG. 13 

operation of a base station in the radio frequency commu- showing a general case of M low data rate response slots and 

nication network of the present invention; of N high data rate response slots, N and M being indepen- 

FIG. 2A is a diagrammatic illustration of an existing radio dently controlled for optimum throughput; FIG. 14 showing 

data system which may be upgraded to incorporate features 5 the specific example of N equals four and M equals one; 

of the present invention; FIG. 15 showing alternating high data rate and low data rate 

FIG. 2B is a diagrammatic illustration of the sequential communication frames where N and M may both vary 

polling procedure which is utilized with the system of FIG. (generally in opposite senses) in successive cycles; and FIG. 

16 showing a case where plural communication frames of 

FIG. 3 is a diagram illustrating the system timing for the 10 one type (e.g. 9600 baud) occur between a lesser number 

prior art system of FIGS. 2A and 2B; (^g. one) of the other type of communication frame, this 

FIG. 4 is a diagram similar to FIG. 3 illustrating system pattern being repeated, or varied as a function of loading at 

timing for a prior art system having nearly twice the polling the respective data rates; and 

speed of the system of FIGS. 2A-3; nG 17 h a flow diagram g^g ^ are partioj- 

FIG. 5 is a diagram similar to FIG. 2B but illustrating a 15 larly applicable to the embodiment of FIG. 11. but which are 

second protocol which is utilized in a recently introduced also generally applicable with modifications to various of 

product ramQy having a high performance mobile terminal me other embodiments, 
unit representing the next generation in comparison to the 

system represented in FIG. 4; DETAILED DESCRIPTION OF THE 

FIG. 5A is a modified version of FIG. 5; 20 INVENTION 

FIG. 6 is a d i ag r a mm a t ic illustration of a mobile radio nGS j A _ JC ^ various illustrations of a dormant poll- 
system which may be compatible with elements of the ^ protocol c f the present invention. The dormant polling 
previous systems of FIGS. 2A through 5 and may substan- protocol may be used with any communication network, 
tially enhance system data throughput; _ such as the network described below in reference to FIG. 

FIGS. 7A and 7B illustrate an implementation of the 25 2A. Basically, the cc*imiinicarion network consists of a 

embodiment of FIG. 6 where the receiver of each mobile plurality of remote transceivers 12 and base station 

unit may operate at a standard data rate, FIGS. 7A and 7B transceivers, such as a base station 14, which occasionally 

being shown to the same time scale, and utilizing respective find it desirable to engage in a communication exchange 

levels to represent transmission and reception at a standard (FIG. 2A). Although a variety of communication protocols 

rate compatible with the earlier versions of the system and 30 may be used to manage the communication exchanges, each 

at a higher data rate for increased system throughput, FIG. communication protocol has particular advantages and dis- 

7A representing successive switching modes at the base advantages. In the present invention, the communication 

station, and FIG. 7B illustrating the corresponding switching network adapts to the channel conditions by choosing the 

modes of an exemplary mobile unit in radio communication communication protocol most appropriate for the channel 

with the base station; conditions, thus optimizing communication flow in the 

FIGS. 7C and 7D illustrate a further implementation of network. 

FIG. 6 which uses the same graphical format as FIGS. 7A Specifically, during periods of tittle or no loading on the 

and 7B to illustrate successive switching modes, but wherein communication channel, the best protocol for managing a 

selection of data rate is made at the individual mobile unit; ^ communication exchange would be one that can be freely 

FIGS. 8A, 8B, 8C, and 8D arc plots similar to that of FIG. initiated from any transceiver in the network desiring to 

7A, but illustrating an embodiment in accordance with FIG. communicate. As used herein, the term "loading** refers to 

6 wherein the base station sends a test transmission (FIGS. the density of communication exchanges occurring on the 

8A and 8B) or transmits temperature information (FIGS. SC communication channel. An exemplary protocol for use 

and 8D) to all of the mobile units simultaneously, FIGS. 8A 45 during such periods of light loading would be a carrier sense, 

and 8C relating to a sequential polling protocol, and FIGS. multiple access (CSMA) protocol. The CSMA protocol 

8B and 8D illustrating an example with a contention pro- exhibits the advantages of: 1) permitting rapid access to the 

tocol; communication channel; 2) maintaining a clear commu ni- 

FK3S. 9A and 9B are diagrams similar to. those of FIGS. cation channel when not in use; and 3) saving energy by not 

7A and 7B, illustrating an embodiment in accordance with ^ requiring unnecessary transmissions. The inherent disadvan- 

FIG. 6 where each mobile unit may transmit a test pattern at tages of the CSMA protocol includes the susceptibility to 

a high data rate to the base station; transmission collisions between any two or more transceiv- 

FIG. 10 is a plot similar to that of FIG. 2B, but illustrating ers resulting from: 1) simultaneous transmission initiation 
operation of the system of FIG. 6 where the base station upon detecting a clear channel enhanced by propagation 
sends a high data rate test pattern to all of the mobile units 55 delays; and 2) two source transceivers, out of range of each 
simultaneously, for example in advance of a sequential other yet each in range of the destination, beginning trans- 
polling cycle; missions while incapable of sensing an ongoing transmis- 

FIG. 11 is a plot similar to that of FIG. 5, but showing the sion carrier to the destination which is out of range, 

base station of FIG. 6 transmitting a high data rate test During periods of light channel loading, the disadvan- 

pattern for example immediately following a standard data $q tages of the CSMA protocol have little overall effect on the 

rate general poll for the example of a contention polling network's average response time. As the channel loading 

protocol; increases, however, the average response time degrades 

FIG. 12 is a schematic block diagram illustrating an significantly, 

exemplary hardware implementation of the system of FIG. During periods of heavier communication channel 

: 65— loading, a b et te r p r otocol for managing a communicatiuu 

FIGS. 13-16 are diagrams illustrating modes of operating exchange would be one that controls the initiation of 

a system utilizing both a limited normal data rate (e.g. 4800 exchanges on the network. A polling protocol, for example, 
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provides such control. A polling protocol exhibits the pri- To prevent protocol jitter near the threshold, Le., to 

mary advantage of decreasing the number of collisions on prevent repeated toggling between two similarly performing 

the network by scheduling communication exchanges. Hie protocols at the threshold channel conditions, an imposed 

polling protocol's primary disadvantage centers on theaddi- duration for evaluating the efficiency of the channel is 
tiooal overhead associated with the scheduling of the 5 required before permitting a protocol transition. In one 

exchanges. Whether or not any coirununication on the embodiment, the network compares the transition threshold 

network is desired, the scheduling of communication, Le., against a weighted average of the most current channel 

via polling transmissions, must occur, often wasting energy characteristics so as to filter occasional spikes in the channel 

and making the channel unnecessarily busy. Additionally, characteristics. Other types of threshold averaging compari- 
transceivers desiring to communicate must wait for appro- JQ sons t0 p^nt jitter are also contemplated by the present 

priate scheduling before an exchange can take place. The invention 

nearly instant channel access, as may be found with a CSMA _ ... . „ 

type protocol, is not possiblk The base station may also traosition between the active 

The inherent disadvantages of the polling protocol result- <■*» *>m»nt .««* * morc V**™ 1 

ing from scheduling overhead is justifiable under heavier electing &°™ « ^anety of communication protocols. For 

channel loading conditions. The number of collisions are 15 example, the base station may transition from a continuous 

reduced and the average channel response time is optimized. PoUing state to a series of successively slower penodK 

At some point however, as the channel loading decreases, P°H">g states before reaching the dormant state. FIGS 

the associated overhead cannot be justified. 1A1C P">vide further detailed examples of such possible 

In addition, various other protocols, such as those ' ^^.yi^^A^^^y ^ 

deuriM Tin more detail below, ^chibit similar advantages 20 *e different acUve protocol stato ^^ the 

and disadvanuges as found in polling or CSMA type pro- ™« considcnng operation in the dormant state, 

tocols. Such protocols might offer optimum channel perfor- Referring to FIG. IA. time-lines 1, 2, 3 and 4 represent the 

mance under certain other channel conditions. activity of a communication channel under heavy, medium, 

The communication network of the present invention „ Ught and no load conditions. In the time-Hnes l-3,pcri«is 

selects, from a plurality of protocols, a protocol which 25 in which at least one of the remcto terminals respond to each 

provides optimal response time under given channel condi- polling broadcast by the base station arerepre- 

tions. As channel conditions change, the network exchanges sented by commumcaboB i exchange intervals 5A, SB 5C, 

me selected protocol with another of the plurality whenever 5D, 5E, 5F, 5G and 5H. Periods in which the base station 

a more optimal communication channel can be established. „ receives no response to any transmitted polling sf^nce are 

SpecffiWi»oneeirdx>dinK*t^ " r^e«ntedbynon-re S pons,vepolungmtervals7A,7B,7C, 

under heavy loading conditions, the network utilizes base 7D > ^ ana 7F. 

stations, such as a base station 14 (FIG. 2A), to optimize the I>uring periods of heavy loading, as illustrated in the 

communication channel by entering an "active" state. While time-line 1, the remote transceivers respond to each polling 

in the active state, the base station 14 controls the commu- 33 sequence broadcast by the base station as represented by the 

nication channel using a polling protocol, scheduling each long duration of the communication exchange interval 5A. 

communication exchanges between the base station 14 and Because of the density of the communication exchanges, the 

the remote terminals 12. Other base station controlled pro- selection of a polling protocol yields optimal channel per- 

tocols might also be used. formance. Similarly, during periods of medium loading. 

The overhead associated with the polling protocol during 40 intcivals occasion <x™*™ which te remote t ^ ns ^ iv " 

periods of heavy loading is outweighed by the reduction in ers do not respond to polling sequences from the base 

the number of collisions that would otherwise occur on an stations asflwstratedty^ 

uncontrolled communication channel. At some point, 7A, 7B, 7C and 7D. Even so poUing dunng such loadmg 

however, as channel loading decreases, the associated over- periods may still offer the optimal channel solution, 

head cannot be justified. Under such conditions, instead of 45 During periods of light loading as illustrated in the 

polling, the base station 14 enters a dormant state, where it time-line 3, the remote transceivers only occasionally find it 

listens far transmissions from the remote terminals 12 necessary to communicate with the base station. Because of 

without polling. Particularly, while in the dormant state, the the unjustifiable overhead associated with a polling protocol 

base station turns over the control of the channel to the during periods of light loading, the base station enters a 

remote terminals 12 which initiate communication using a 50 dormant state, turning control of the channel over to the 

carrier-sense, multiple-access (CSMA) protocol- Other remote transceivers. The remote transceivers respond to the 

remote transceiver initiated protocols might also be used. lack of polling by initiating communication using a CSMA 

The base station makes the transition between the active type approach, providing better channel optiniization. Thus, 

and dormant states by monitoring the current channel con- as the load on the coinmunication channel fluctuates, the 

ditions. For example, when the current level of channel 55 base stasion transitions between the active and dormant 

loading rises above a predetermined transition threshold, the states as necessary to optimize the channel 

base station enters the active "polling" state. When the In addition, while in the dormant state, the base station 

current loading level falls below the transition threshold, the immediately responds to a communication request 6A by 

base station enters the dormant 'listening" state. transitioning into the active state and polls the requesting 

Additionally, instead of continuing to use a fixed transi- 60 remote terminal in the coinmunication exchange interval 
tion threshold, the communication network might also adapt 5G. Afterwards, the base station remains in the active state, 

the threshold based on feedback from actual protocol per- polling for further communication. If no response to the 
formance under given channel conditions. For example, if polling is received before a predetermined threshold period 
the current transition threshold recommends a transition to t A expires, the base station will transition back into the 
an alternate protocol which proves to have inferior channel 65 dormant state. This transition after the period t* expires is 
response time, the threshold could be adapted to prevent the represented by the non-responsive r>olling interval 7R At 

transition under the current channel conditions. some time thereafter, when a conimunication request 6B is 
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received from one of the remote transceivers, the base periodicity of the periodic polling is such that the delay 

station again transitions from the dormant state back to the period between broadcast is zero (0), the periodic polling 

active state to service the request in the communication can be further classified as being continuous polling, 

exchange interval 5H, and the transition cycle repeats. in another embodiment instead of transitioning to a 

Although set at one (1) minute, the predetermined thresh- 5 CSMA type protocol during periods of light loading, the 

old period t^ may be set at any time period which optimizes base station may transition from, continuous polling to 

the dormant polling protocol in the given communication periodic polling, or from periodic polling at a higher rate to 

environment. Optimization of the predetermined threshold a periodic polling at a lower rate. For example, during 

period to, must take into consideration not only coramuni- periods of heavy loading, die continuous polling protocol 

cation throughput factors but also the independent value of 10 might offer an optimal channel response time. By continuous 

having a dormant or quiet communication channel. polling, the base station would be in an active state. 

As illustrated in the time-line 3, after servicing the At some point as the loading decreases, the overhead 
requesting remote terminal in a communication exchange, associated with the continuous polling might not be justified 
the base station remains in the active state, polling for in view of the wasted energy and the unnecessarily busy 
further communication. Instead of remaining in the active 15 channel associated with polling transmissions that yield little 
state, however, the base station may also immediately reen- or no response. Instead, a dormant state using a period 
ter the dormant listening state after servicing the requesting polling protocol may be desirable. Specifically, upon detect- 
remote transceiver. If so, the base station might only make ing a time period greater man a threshold value of about 
a full transition back- to the active mode upon detecting a thirty (30) seconds wherein no responses to polling occur, 
heavily loaded channel. 20 the base station transitions to a dormant state using a 

More specifically, the base station remains in the dormant periodic polling protocol having a periodicity of about two 

state indefinitely until one of the remote transceivers ini- (2) seconds. Although the specified time values for the 

tiates a commu oi cati on request The base station responds threshold time period and for the periodicity provide a 

by immediately polling the requesting remote transceiver. preferred default they are both user selectable upon network 

Because the requesting remote transceiver does not have to set up. 

wait for the scheduling associated with a full polling During the dormant state defined by the periodic polling 

sequence, the response time increases dramatically. Instead protocol usage, the remote terminals must await a polling 

of responding immediately, the base station might also signal before they can respond Once the response is 

choose to respond indirectly by servicing the requesting ^ detected while periodically polling, the base station imme- 

remote transceiver using a full polling sequence. diately returns to the active state using the continuous 

Furthermore, although not preferred, the requesting terminal polling protocol, and the cycle continues. Other variations 

might also send a message or data along with the commu- are also contemplated. For example, instead of immediately 

nicatioD request 6A. Because polling would be unnecessary, transitioning to the active state, the base station may remain 

the base station might only send an acknowledge signal in 33 in the periodic polling state until sufficient loading is 

response. After responding, the base station would remain in detected using the periodic polling. Similarly, instead of 

the dormant state until the number of such requests per unit requiring that the remote terminals wait for the periodic poll, 

time increased above the transition threshold. they may send a polling request using the CSMA type 

As illustrated in the time-line 2, if a period of non- approach, 
responsive polling fails to reach a transition threshold period ^ FIG. IB is a more detailed illustration of the dormant 
t^, the base station will not enter the dormant state. Instead, polling protocol described in relation to FIG. 1A using 
the timing of the non-responsive polling period is reset This periodic polling. Specifically, in a time-line 411, a periodic 
process is illustrated in the time-line 2 with reference to the polling interval % t begins after completing a commu nication 
non-responsive polling intervals 7A-7D which never reach exchange 4#3 between the base station and one of the remote 
the threshold period t^ 45 transceivers. Each polling sequence, such as a sequence 405, 
In another embodiment, once in the dormant state, the which occurs during the polling interval t t is separated from 
base station remains in the dormant state until one of the the preceding and subsequent polling sequences by a pre- 
remote transceivers initiates communication. Additional cir- determined delay period, such as a delay period 407. The 
cumstances may also cause the base station to enter the delay period 497 may be set to at about 250 milliseconds 
active state. Particularly, the base station may exit the 50 ( ins ) °* whatever other value is optimal depending on the 
dormant state when either data needs to be conimunicated to characteristics of the communication channel, 
the remote transceivers or after a predetermined wake-up During the predetermined delay periods, the remote trans- 
period t^ lapses. For example, as illustrated in the time-line ceivers may believe that the base station has transitioned 
4. at the lapse of the period t^, a polling interval 9 A or 9B into the dormant state and may initiate communication, 
might occur. The use of polling periods after the lapse of the 55 However, to avoid potential collisions, the remote transceiv- 
predeterrnined wake-up period C» may also provide each of ers may be required to wait a random period of time, such 
the remote transceivers with an indication of those base as about two (2) second, before transmitting. To prevent the 
stations, if more than one, which are in range or an indica- remote transceivers from transmuting during delay periods, 
tion that a message is waiting and communication is desired. the remote transceivers might be forced to wait a fixed 
Periods of non-responsive polling, such as the interval 60 period of time which is equal to or greater than the prede- 
7A, may consist of either continuous or periodic polling. termined delay period before initiating communications. 
Continuous polling is defined herein as a repeated broadcast Such a requirement would not prevent the initiation of 
of a complete polling sequence having no delays between communication during the dormant state, 
each repeated sequence. Periodic polling is polling which As previously described, the transition threshold period t A 
-repeatediy-broadcasts th e complet e polling s e qu e nce with a 6 5 define s-the-dur ation o f th e p e riodic polling interval t v If-no— 



delay period between broadcasts. Moreover, continuous remote transceivers respond for the transition threshold 
polling is merely a subcategory of periodic polling. If the period t^, the interval t x ends and the base station enters a 
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dormant state as represented by a dormancy interval t>. The might be based upon low channel activity. To accomplish 

base station remains in the dormant state until one of the this ,thebase station may maintain a history log of the recent 

remote transceivers sends a communication request 409. activity of the channel Based on an average or weighted 

The base station may indirectly respond to the request 409 average of the recent activity, the base station can detennine 

as illustrated by providing a full polling sequence 411 for 5 w hen to transition between the fast active, slow active and 

scheduling a communication exchange 413. However, the dormant states. 

base station may also directly respond without the polling ^ addition, although only two fixed polling rate transition 

sequence 411 by immediately entering the communication have been disclosed in FIG. 1C a more gradual or 

exchange 413. Finally, upon ternunation of the communi- contimious transition may also be employed. In this way, the 

cation exchange 413. the base station may ^ cither reenter the lQ p^ gratewolfldinOTedosC ]y track the activity level of the 

dormant state or reenter the periodic polling interval t t . ^ntl Similarly, other protocol variances may also be 

The basis for transitioning between states as shown in utnized m ,^^0,^ between states. For example, a third 

FIG. IB occurs when the duration of a non-responsive of ^ ^ uscd ^ ^ mtermcdia te transition 

polling interval reaches the threshold period t*. As an ^ ^ statc mc dormant 

alternative however, the transitioning may be based on a j5 t(CSMA type » state 

duration of low-activity. Specifically, if the level of com- yy ^ " „. * , A , . 

ourmiuu ui iuw^uv^. . J ' . . . t fol1p ^ nA The features of the dormant polling protocol described in 

interval t, would be entered. After servicing the requesting _ 1MUVU . J . . „ 

St^verl the corruption e/change 413, the 20 commmoicaUon ^ st ^^^Z^^Z^: 
oration could either. 1) remain in the dormant state m protocols y^^^^? 1 ^ dormant 
unless the average activity level of the channel rises above feature are set forth in detad below, 
the low-activity level wherein the active state would be FIG. ID is a software flow diagram illustrating one 
reentered; or 2) immediately reenter the active state. einbodiment of the operation of a base station m the radio 

HG. 1C is an illustration of a modified version of the 25 frequency communication ne^ork of the present invention, 
dormant poLg protocol described in FIGS. 1A and IB Upon power-up at a step 601 the base station imU^es 
wSllnWes me use of a variable delay period between itself, and, in a block 603, selects an<T iniplements a polkng 
Sg^Jenols. As shown in FIGl^ thTdeUy period protocol for use on fce network. Thus, by dioosmg the 
tetween each polling sequence such as the delay period 407 ^ polling protocol, the base station enters an active state, 
is set to a single, fixed duration. In FIG. 1C, however, the At a step 605, the base station begins monitoring the 
base station may transition from a faster active state to a channel characteristics, and evaluates whether the selected 
slower active state before transitioning into the dormant polling protocol currently in operation offers the best avail- 
state. The faster active state has a faster polling rate than the able solution for optimizing the communication channel. In 
slower active state. This rate is governed by the delay period 35 this example, the only other available solution is the CSM A 
between each polling sequence. type protocol, however, various other protocols or protocol 

Particularly, during a time interval t A , after servicing one variations may also be available. The details of exemplary 
of the remote transceivers as represented by a communica- protocol variations are set forth below. SmuTarly toe details 
tion exchange 431, the base station periodically polls at a of both the channel characteristics monitored and the nature 
fast polling rate based on a short delay period 423 between « of the evaluation thereof have been previously set forth in 
pollmg sequences. The base station continues polling at the the various embodiments described above in relation to 
fast polling rate until a non-responsive polling interval FIGS. 1A-1C. 

occurs which reaches a fast threshold period t Fth - The fast At a step 607, if the evaluation does not indicate that a 
threshold period t Fth may be about thirty (30) seconds long. different protocol would offer a better network solution, the 

After a non-responsive polling interval reaches the fast 45 basc station branches back to repeat this cycle of steps 60S 
threshold period w, the base station begins to poll at a and 607 which continues until a different protocol is indi- 
slower rate defined by a long delay period 425. This slower cated at the step 607. As previously stated, the only other 
polling rate may be at about once every second or may be different protocol available in this exemplary fiowndiagram 
at any other rate optimal for the specific communication is a CSMA type protocol, although others are contemplated, 
system at issue. During a time interval the base station 50 If at the step 607 the evaluation does indicate that a 
continues to poll at this slower rate until cither: 1) a different protocol, Le., the CSMA type protocol, would offer 
non-responsive polling interval occurs which reaches a slow a better network solution, the base station identifies the 
threshold period t Stk , and the dormant state defined by a CSMA protocol at a step 609. Thereafter, the base station 
dormant period t c is entered; or 2) a response is received selects and implements the CSMA type protocol at a step 
from a remote transceiver, and the faster active state is 55 611 then re-enters and remains in the cycle of steps 605 and 
reentered. The stow threshold period t^ may be about thirty 607 until the evaluation indicates that the polling protocol 
(30) seconds. Finally, the base station remains in the dor- offers a better solution at the step 607. By implementing the 
mant period t c until it receives a conimunication request 433. CSMA type protocol, the base station enters the dormant 

Although the remote transceivers may initiate a comitw- state, 
nication request between each polling sequences, the remote 60 If the evaluation at the step 605 indicates at the step 607 
transceivers may also be forced to wait and then specifically that polling would offer a better solution, the base station 
respond to a polling sequence. If so forced, the necessary branches at the step 609 to the step 603 where it re-enters the 
waiting time would be the maximum delay period between active state by selecting and implementing the polling 

r^ftnrfiV pnHt'ng sequences. In FIG. 1C. this would be the protocol Thereafter, the entire process repeats. 

long delay period 425. 65 FIG. 2A is an illustration of an existing radio frequency 

Instead of basing the decision of transitioning between data transmission system 10 which might incorporate the 
states upon a non-responsive polling interval, the decision dormant polling protocol. Particularly, a base, station trans- 
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ceiver 11 is in radio communication with a number of mobile the end-of-message signal at 28C, the base station switches 
transceiver units such as 12A, 12B, . . . , 12N. By way of to transmit mode and transmits an acknowledgement mes- 

example, the base station may comprise a radio base unit 14 sage as indicated at 29 to advise unit #3 that the message was 

such as the model KB 1212 of Norand Corporation, Cedar properly received. 

Rapids. Iowa, which forms part of a product family known 5 The base station then resumes polling, eg. transmitting a 

as the FT 1200 system. In this case, the radio base 14 may polling signal at 30 addressed to a mobile unit #4 and 

receive data from the respective mobile RF terminals, e.g. of switching to receive mode for an interval 31, and so on. In 

type RT1210. and transmit the received data via a mnlti- order to ininimize channel capacity that is wasted polling 

plexor 15, eg. type RM1211, and a communication link 16 inactive terminals, activity time-outs may be employed so 

(e.g. utilizing an RS-232 format) to a host computer 17. 0 that units that have not transmitted are dropped from the 

The data capture terminals 12A. 12B, . . . , 12N may each polling sequence and placed in a contention queue. The 

be provided with a keyboard 18, a display 15, and a bar-code assumption would be that inactive units are either not being 

scanning capability, i.e., an instant bar-code reader such as used at all or that the operator is busy at some other activity 

the one shown in U.S. Pat No. 4,570,057, issued Feb. 11, for significant amounts of time 

1986. and known commercially as the 20/20 instant bar code 15 FIG. 3 illustrates standard system tuning (in milliseconds) 

reader of Norand Corporation, for the KT1200 system as represented in FIGS. 2A and 2B. 

The KT1200 system utilizes time-division multiplexing As indicated, a polling sequence such as the one indicated at 

on a single-frequency channel (e.g. in the 450- megahertz 21 and 22 in FIG. 2B may occupy an overall time interval 

band) to provide access to the respective terminals. The of 127 milliseconds, with a poll interval corresponding to 

KT 1200 communication protocol is based on a sequential 20 uterva ^ 21 In FIG. 2B requiring twenty-two milliseconds, a 

polling method that transmits a query addressed to each transmit^eceive turnaround interval such as represented at 

portable terminal in succession, and allows a specified 33 in FIG. 2B requiring forty-five milliseconds, and a 

amount of time for the addressed terminal to respond in case receive interval such as indicated at 22 in FIG. 2B being 

a data message is ready for transmission. allotted fifteen milliseconds. 

A transmitted message consists of an initialization 2S The KT1200 system represented in FIGS. 2A-3 may be 
sequence, unit address, message identifier and system modified so as to incorporate the dormancy features of the 
information, message data and/or control commands, error dormant polling protocol of the present invention, 
control, and end-of-message indication. The basic sequential Specifically, referring to FIG. 2B , if the time period since the 
polling procedure of a base station such as the RB 1212 is last communication with any mobile unit reaches the thresh - 
illustrated in FIG. 2B where level TX represents transmit 30 old time period t^ the base station may enter a dormant 
mode of the base station and level RX represents receive listening state, freeing the communication channel of non- 
mode. In FIG* 2B, solid line 21 represents a transmit time responsive polling. Thereafter, the base station remains 
interval where the base station transmits a polling signal for inactive until communication is requested by one of the 
a mobile unit of a first address, eg. #0, at a predetermined mobile units. The base station can either respond by initi- 
data rate e.g. 4800 baud. The base station then allows a 35 atm g the complete polling cycle described in FIG. 2B or 
specified amount of time represented as time interval 22 for may immediately respond to the requesting mobile unit as 
the addressed terminal to respond if communication activity indicated at 28. 

is required. The intervals at 23 and 24 apply to a second FIG. 4 illustrates the corresponding standard system tim- 

terminal address, e.g. #1, the intervals 25 and 26 apply to a ing (in milliseconds) for a second product family known as 

third terminal address, e.g. #2, the time intervals 27 and 28 40 the KT2200 system of Norand Corporation which may also 

represent the operation of a fourth terminal, e.g. #3, and so incorporate the dormant polling protocol features. In this 

on. case, a standard cycle corresponding to the intervals 21, 33, 

Hie sequential polling process is timed by the multiplexor 22 and 34 in FIG. 3 requires a total of sixty-seven 

15, FIG. 2A, of the KT 1200 system such that if a response milliseconds, polling intervals such as 35 and 36 requiring 

is not received from the addressed mobile terminal within 45 twenty-two milliseconds, and intervals 37, 38 and 39 each 

the allotted time such as indicated at 22, a poll is issued to requiring fifteen milliseconds. The shorter transmit to 

the next terminal in the sequence, e.g. as indicated at 23. In receive and receive to transmit times offered by the RT2200 

the RT1200 system, if the designated mobile unit has some system result in nearly twice the polling speed in compari- 

information to send to the host computer 17, that infbrma- son to the RT1200 system. 

tion is immediately transmitted to the host as the response, 50 The modulation method and communication bit rates are 
in which case the base station remains in reception mode. In identical in the two system families so that it is possible for 
effect, for the KT1200 system, any of the reception intervals the components of the RT1200 and RT2200 systems to be 
22. 24. 26. etc. will be extended to receive complete mes- mixed subject to some limitations. For example, any mix of 
sages from the respective addressed terminals where such terminals or bases that includes an KT 1211 multiplexor or an 
messages are ready to be sent in response to the respective 55 KT 1212 base requires that the forty-five millisecond inter- 
polling transmissions 21, 23. 25. 27. etc. In FIG. 2B, it is vals such as 33 and 34 be included during communication 
assumed that mobile unit #3 is the first unit with a message involving these components. More particularly, if either the 
to send. In this case, the base station, while in receive mode RX1212 base station or RT 12 11 multiplexor is used with a 
as indicated at 28. will actually receive a transmission from mixture of BT1210 and RT2210 terminals, all terminals 
mobile unit #3 indicating that a message will follow. The 60 must respond using the slower (45 ms) delay. If these units 
base station in response to the transmission from mobile unit are replaced with both the RB2212 base and RM2216 
#3 (which is signified by a second line 28 A in FIG. 2B) multiplexor, the system has the capability of adjusting the 
remains in receive mode for the duration of the message delay to match the particular terminals in use. For example, 
from unit #3. The message itself from unit #3 may occur if units #1. #5, and #7 are KT2210*s, and units #2. #3, #4, 
o v er a time interval as rep r esen t ed b y d o t-dash line 2 8 D. and 63 and # 6 a re KT1210 1 s , Hie foime i thr ee will be polled u sing 
may be followed by an end-of-message transmission from the 15-ms delay, and die latter four will be polled using the 
unit #3 as indicated by a second line at 28C. In response to 45 -ms delay. 
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In addition, high system dock rates arc required in if terminal unit #3 . and then receive a message from unit #3 as 
terminals to provide decoding of bar code scans at an indicated at 52. As in FIG. 2B, the message received at 52 
acceptable rate. However, the high clock: rates also cause the may include a preamble indicated at 52A, a message proper 
generation of digital noise in and around me rf tcnninals. 52B. and an end-of-message signal 52C The base station 
This noise can get into the rf terminal and interfere with 5 may then transmit an acknowledgement message as repre- 
communication. causing a reduction in the effective com- sented at 53, and thereafter proceed during time interval 54 
munication range. This problem is solved by using a dual to poll the next terminal unit, e.g. #0, which successfully 
clock rate. The tenninal is operated normally at a slow responded to the general poll at 40. The message from 
system clock rate to ininimize the generation of digital noise, terminal unit #0 may include message components such as 
and is switched to a fast clock rate during bar code scanning to those described for message 52. After each successfully 
to allow the data obtained from the bar code scan to be responding mobile tenninal has been polled and its message 
processed at a higher rate. This lets the rf data link coexist has been received, the procedure may be repeated with a 
with the need for and the hardware support for bar code scan further general polling cycle as at 40-44. 
decoding. In another embodiment, the features of the dormant 

_ . . _ 15 polling protocol incorporate the protocol illustrated in FIG. 

Description of no. 5 5A gp^^y jf fte response to general polling cycles as 

The dormant polling protocol of the present invention illustrated at 40-44 falls below a transition threshold level 
might also be moorporated into a more recent commercial f or a time period equal to the threshold time period t^, the 
development In the more recent development, a mobile base station enters a dormant listening state. The base station 
terminal unit is to be utilized that includes a high- 20 remains in the dormant state until communication is 
performance 16-bit microprocessor and a memory capacity requested by one of the mobile units. The base station can 
that allows large and complex application programs to reside either respond by initiating (he complete polling cycle 
and be executed within the terminal. With the introduction described at 40 44 or may immediately respond with a 
of this tenninal, two new radio protocols have been devel- specific poll to the requesting mobile unit, for example 
oped Both protocols use the slotted reservation approach for 2 s beginning at step 51. After responding to the requesting 
obtaining system access. The major difference between them mobile unit, the base station may re-enter the polling cycle 
is that one utilizes asynchronous data transmission which is at 44^44 awaiting either a response or the lapse of the 
backwards compatible with the hardware in the 2210, threshold time period t^. 
whereas the other utilizes synchronous data transmission, 

which is more efficient, but which requires specific hardware 30 Description 01 rKj. t> 

utilized only in the new terminal. The same slotted reser- A radio data system which may utilize the present inven- 
vation access and data rate selection schemes are to be used tion is shown in FIG. 6. Such a system may be compatible 
with both protocols. Imple rnentatio n of the new protocol in with the product families as represented in FIGS. 2A-5. 
the KT2210 terminals requires a change of read-only Thus if the system of FIG. 6 utilizes a base station 70 
memory (ROM). Implementation in the new terminal con- 35 capable of operating at either 4800 bits per second or 9600 
sists of a downloaded program resident in nonvolatile bits per second under the control of a communication 
random-access memory (RAM). controller 71, such a base station can be installed in one of 

As shown in FIG. 5, a general poll message such as the the prior systems; e.g. in place of an RB2212 base 
one indicated at 40 is transmitted to all terminals in the transceiver, and may operate at a fixed data rate of 4800 hits 
system, and the terminals are allowed to respond in random 40 per second Subsequently, if upgraded mobile terminal units 
time slots" as indicated at 41-44 to tell the controller that SO and terminal communication controller means 81 are 
the terminal wants to communicate. The example in FIG. 5 introduced into the system, operation at 9600 bits per second 
provides four time slots 41-44 in which the terminals may becomes available to achieve increased system performance, 
respond to the poll. In practice, the number of time slots is Communication at 9600 bits per second generally requires a 
varied depending on the traffic load and other conditions. 4s stronger radio signal man communication at 4800 bits per 
Each terminal may respond to the poll 40 in any of the second, so that the system of FIG. 6 may be designed to 
desired time slots with its address and some positive recognize when the signal strength is insufficient and to 
acknowledgement. The particular time slot in which the switch automatically to 4800 bits per second. Eventually, the 
tenninal chooses to communicate is selected at random by system can be upgraded to utilize exclusively tenninal units 
the terminal. In the event that several tennmals— potentially 50 such as the unit 80. The data rate of 4800 bits per second 
more than the number of time slots available— desire offers both the potential for direct compatibility with earlier 
communications, a high probability may remain that at least products and a 'tall-back* 1 mode if signal strength does not 
one of the terminals will transmit its response in a time slot allow communication at 9600 bits per second. A system such 
that is free of other responses. Under light loading as the one indicated in FIG. 6 can be reached in stages with 
conditions, it is likely that more than one slot will contain an 55 each upgrade step providing the user with increased perfor- 
intelligiblc response message, which further improves the mance and productivity that justifies the incremental cost 
efficiency of the polling procedure. An additional improve- Since the largest investment is in the terminals, the upgrade 
meat in efficiency may be realized because of FM capture, strategy minimizes terminal obsolescence, offering the 
which allows recovery of a relatively strong signal in the greatest possible useful life of the users' investment 
presence of a relatively weak interfering signal. eo In a system such as the one indicated in FIG. 6, the 

Referring to FIG. 5, it may be that a terminal unit with an transmitter and receiver components 72A, 72B and 82A 
address of #3 responded during the first time slot 41, and mat 82B may be switchable between data rates which are related 
a terminal unit #0 responded in time slot 43. Several by a factor of two, so that hardware complexity can be 

i ■ — > ?m ■! Hi itw — m an Imtf a f f-rnAti t% fwl rfi iT^ill fri** ^ Jfc/^IlC li t— * tim* *ni niTTYl 7^/1 it tta^ftfilOl^- Tf\ rf*^ I^Ilf! Tilff fT f\FI fTPTiI T O 

ICITfflnal^lIlJlSl HHfrrHiWtf>ll WWW **** » ■ - ■—■^j.*--^ 

slot 42 such that none was identified by the base station. In 65 utilize a third data rate such as 1200 baud or 2400 baud for 
such a case, the base station, after elapse of time intervals further enhancement of fringe performance. In a preferred 
41-44, may first transmit a polling signal 51 addressed to system each remote unit 80 is identified by a unique address. 
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Transmission between the base and the remote units may be number of collisions in the respective time slots prevents 

initiated by the controller 71 through the use of sequential efficient communication in the mode of FIG. 5. 

£ «*• OT * ~* a contention protocol na 6 mustratcs ^ ^ basc ^ moUlB tmtda ^ 

^F105 .ytmga^tecort^niwtow^ or both, may include a received signal strength indicator 

£ C ^^Z™-™^™ det f nUne ^n Cth ^ 5 (R5SI) component 92. To charatferize signal strength using 

the threshold time period has lapsed. If so, the controller 71 iVoT . TX, ^ • 77 .7? u&ujg 

may place the basein the donn^listenW' state. signal strength is sampled several times annng receipt 

In the system of FIG. 6. polling signalsluch as indicated ° f a 1?^*?°* * 

at 21, 23, 25, 27. in FIG. 2Band sLchas indicated at 40. 51 ^e S1 gnal stren^ is necessary because of the 

and 54 in FIG. 5 may be sent at the standard data rate, e.g. 10 J^f* 1 ^^sty^y^dw^n buildings and in 

4800 baud, with terminals switching to transmit 9600 baud 10 ***** °^f on ; *™* old would J* 

when a message transmission is required and conditions ^ * ^atesde^on based u^n signal strengfo.ff 

permit, for example in the case of mobile unit #3 during the ^ ^ oW * J^^^T 0 ""* 

interval 28 in FIG. 2B. In FIG. 5, it may be assumed that US ^* S1 *^ 1S thrcsho1 ^ «■» low rate 

mobile unit #3 was the sole responder in interval 41 and 15 w 1X1 u 

mobile unit #0 was the sole responder in time slot 43. In this Description of FIGS. 7A and 7B 
case, the poll at interval 51 may be directed to mobile unit 

#3, and the response of mobile unit #3 during interval 52 FIG. 7 A shows a method of operation utilizing the system 

may be at the high data rate e.g. 9600 baud. Similarly, the of FIG. 6, where the base station 70 polls a terminal unit 80 

individual poll at interval 54 may be addressed to mobile ^ at the standard data rate (represented by level 4 TX") during 

unit #0, and mobile unit #0 may respond during the follow- a* interval 121, and has its receiver 72B in the standard data 

ing interval at the high data rate e.g. 9600 baud. Polls are rate level "RXL" for receiving a response during time 

typically of short duration, so that the throughput penalty for interval 122. FIG. 7B represents a polled mobile unit cor- 

using the lower data rate for polling is relatively slight responding to unit SO, FIG. 6, but which would not require 

Foiling at 4800 baud also maintains backwards compatibil- ^ a switchable data rate receiver. Thus the mobile unit of FIG. 

ity with older equipment, and ensures that units operating 7B would be in a fixed standard data rate receive mode (RX) 

under fringe (weak signal) conditions can have access to the during time interval 131, and would switch to standard data 

base station. rate transmit mode (TXL) for transmitting a response mes- 

In FIG. 6, the radio base station 70 comprises the base **& durijQ g time interval 132. As in FIGS. 2B and 5, if the 

station controller means 71, a base station transceiver means ^ ^ >SLSC station properly received a message at the high data 

72, and a base station input/output means 73. Controller ratc * * c 0001(1 transmit an acknowledgement at the 

means 71 may provide an interface with a host computer 74 standard data rate (TX) during interval 141, the mobile unit 

as in the system of FIG. 2A, may control the mode of in ^ standard data rate receive mode (RX) as 

operation (which may include dormant protocol features) represented at 151. 

and data rate of the base station transceiver means 72, and 3 < ^_ " 

may serve as an interface to the input/output means 73. Tne Operation for a System According to 

mobile terminal unit 80 comprises terminal controller means nGS or 4-5 and FIGS. 6, 7A and 7B 

81, mobile transceiver means 82 and terminal input/output In the exemplary mode of operation of FIGS. 7A and 7B, 

means 83. The controller means 71 and 81 together form a with sequential polling, polling would take place at the 

radio system control means as represented by dash line/ 40 standard data rate, e.g. 4800 baud, in rtm* intervals such as 

rectangle 90, responsible for operating the system at a high indicated at 21, 23, 25, 27 and 30, FIG. 2B, and at 121, FIG. 

data rate when feasible, and for automatically shifting to a 7A The base station could be programmed with the data rate 

lower data rate e.g. when a given mobile terminal unit moves capacities of the respective terminal units, and always switch 

beyond the range for reliable high-data-rate transmission. to receive at the standard data rate after polling of a fixed 

The terminal controller means also includes means pro- 45 data rate terminal as in FIG. 28. If, for example, terminal 

viding the interface to the terminal input/output means 83 as units #0, #1 and #2 were of the fixed data rate type, then 

in the earlier versions described above. The controller means receiver 72B would be conditioned to receive response 

71 may operate the base transceiver 72 so as to execute messages at the standard data rate during response time 

sequential polling as in FIG. 2B for terminals such as shown intervals, 22, 24, and 26. 

in FIG. 2B and such polling and responses thereto will take 50 If terminal unit #3 were of the type shown at 80 in FIG. 
place at the standard data rate e.g. 4800 baud. Since polling 6, the base station would be programmed to send the poll 
is typically of short duration, polling of the improved during time interval 121, FIG. 7A, at the standard data rate 
terminal units such as 80 may also take place at the standard and then in a default mode (in the absence of a definite event 
data rate, e.g. 4800 baud. indicating a lower data rate) would switch its receiver 82A 
It is preferred to poll the improved terminal units such as 55 to receive at a higher data rate during the response time 
80 utilizing a contention poll as in FIG. 5 where there are interval 122. Each mobile unit such as 80, FIG. 6, in default 
large numbers of such terminal units with low to moderate mode, could have its transmitter 82B ready to transmit 
activity rates since this procedure does not waste time during an interval such as 132 at a higher data rate than the 
polling units which do not have data to transmit. Under standard data rate. Where the standard data rate is 4800 
conditions of zero activity for a period of time exceeding the 60 baud, it is preferred to utilize a higher data rate of twice the 
threshold time period t r/r the controller means 90 may shift standard data rate, i.e. 9600 baud, for a cornmunications 
to a dormant 'listening'* state. While in the dormant state, system such as here described, since such a relationship 
upon receiving a communication request from one of the makes the switchable baseband transmit and receive air- 
mobile terminal units, the controller means 90 may shift cuitry simpler. The receiver 82A would not need to be 
back to utilizing a contention polL Under conditions of 65 switchable but could be fixed to r eceive at the standard data 
heavy usage, the controller means 90 may shift to the rate, e.g. 4800 baud, as at 131. In this case, a mobile unit 
sequential polling procedure of FIG. ZB if an excessive such as 80 with address #3 would receive the poll during 
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time interval 131. and be ready to transmit its message at a during the time interval 121, FIG. 7A, at the standard data 

higher data rate, e.g. 9600 baud. In correspondence with rate and then in a default mode (in the absence of a definite 

FIG 4 the morale tenriinal unit may switch from receive to event indicating a lower data rate) would switch its receiver 

transmit OUT) mode in fifteen milliseconds during interval 82Ato receive at a higher data rate during the response time 

Ito 5 interval 122. Each mobile unit such as 80. FIG. 6, in default 

tv* ct»«™ 7n m«v n^ive the hich data rate mode could have its transmitter 82B ready to transmit during 

The base station ™W^y*™W^™ an interval such as 132 at a higher data rate than the standard 

message and km m^ovlrigemtnt a thej ^d»Adata me ^^fZu rate is 4800 baud, it is 

rate dumg intervall4L If the n^eisreeewed with an utilize a higher data rate of twice the standard 

unacceptable number of errors, controller 71 may be pro- ^ ~~ " y". • , „ . 

" . v . _ . % . „ oi A , A <uta rate, i.e. 9600 baud, for a cornmumcation system such 

crammed to transmit a switchover signal to mobile unit #3, 10 "™ ' ' , . ^ , 
^ , . . . - A% _ * A . - ^ J0PC04 ,^ u. as the one described here, since such a relationship makes 
p p durine interval 141. commandinc that the message oe *° n»wv**^— , f . 
eg. timing / . "T 5 . . . „ * _ the switchable baseband transmit and receive circuitry sun- 
retransmitted at the standard data rate, and storing a corre- , 0 _ . . . ^ « . . k.,* 

™T ~ -* . „. „ ^^^i pier. The receiver 82A would not need to be switchable but 

<mondine switchover command in its polling control 

spoauuig »wiituuvu ^luiuaiiu *^ . fr . , could be fixed to receive at the standard data rate, e.g. 4800 

memory e s when the switchover command is acknowl- couiu uc iucu wicuavc «. ujc . , * . , 

ntanory, eg. wucu uic muuw« , t€ baud, as at 131. In this case, a mobile unit such as 80 with 

edged by unit #3 as at 162. In the case of a mobile terminal 15 _ tJ . ' . > 

of a passive type, mobile unit #3 could then have its address #3 would re^rve the poU duriiig ^e m^al 131, 

tnmsrmter 82B^rate in the standard data rate mode until aMbe reaoy totransrmtits^ 

a new start-up o/operation, e.g. on a subsequent working *300 baud. In corre^dence with FIG. 4, the mohde 

a new m«ui up wi y****" js , * terminal unit may switch from receive to transmit (R/T) 

day, or until it received a special switchback signal from the mode m ^ Seconds during interval 160. 
base station* 

During standard data rate mode, mobile unit #3. even with The base station 70 my joive ^ J^L^ ^ 

no messfge to transmit, would operate so as to receive any message and «sue an actaowlcdgement atttestodard data 

~; . ' . . r . ^. ~ ^ ^ rate during interval 141. If the message is received with an 

messages directed to it by the base station. Once the base "*"*"b ■» J'., „ . ^ 

6 . ! , . / . *i unacceptable number of errors, controller 71 may be pro- 
station had registered a given mobile unit, e.g. #3, as having uu^yuu/iv, LUJUU " > . ' 
suuuiiiuuicijwi^ajji jV^„ t l *w tt k™ crammed to transmit a switchover signal to mobde unit #3, 
switched to transmission at the standard data rate, the base 25 & iaAl " . . . , „ 6 # . ^ ^ m *^«„. 

" , „ a -„ f , Hv ^ e.g. durinc interval 141, commanduig that the message be 

station could execute a program controlling a tentative ^ » . 6 , , , , ^ A & ... Z 

" ... u- i t« o c ;™t^ retransmitted at the standard data rate, and storing a corre- 

resettinc of such mobile unit to a higher data rate. In a simple ^ . , 

case, the base station could faZct the mobile unit to ^"^8 switchover command in its polling control 

attempt a high data rate transmission by sending a switch- ™™°ry, e.g. whet, tte switchover coimnand is acknowl- 

anennx a mgn aau r«c ii^iuu , b ^ #3 as at 162. In the case of a mobile terminal 

back polling message during an interval such as Z7, HO. ZB, 30 ^e 1 -" ■> 

„ « S, f the «^n f a^en^rof 1^^^^^^^ 

frequency of such high data rT trials. days or until it received aspect switchback signal from the 

^ ^ 35 base station. 

Description of FIGS. 7C and 7D During standard data rate mode, mobile unit #3, even with 

FIG.7C shows a method of operation utilizing the system do message to transmit would operate to receive any 

of FIG. <S, where the base station 70 polls a terminal unit 8# messages directed to it by the base station. Once the base 

at the standard data rate (represented by level 'TX") during station had registered a given mobile unit. e.g. #3, as having 

an interval 121A, and has its receiver 72B in the standard 40 switched to transmission at the standard data rate, the base 

data rate level "RXL" for receiving a response during time station could execute a program controlling a tentative 

interval 122A- FIG. 7D represents a polled mobile unit resetting of such mobile unit to a higher data rate. In a simple 

corresponding to unit 80. FIG. 6, but which would not case, the base station could instruct the mobile unit to 

require a switchable data rate receiver. Thus the mobile unit attempt to transmit at a high data rate by sending a switch- 

of FIG. 7D would be in a fixed standard data rate receive 45 back polling message during an interval such as 27, FIG. 2B. 

mode (RX) during time interval 131A, and would switch to or 51, FIG. 5, after the expiration of a given number of 

standard data rate transmit mode (TXL) for transmitting a polling cycles. If message traffic was heavy, each polling 

response message during time interval 132A and then switch cycle would tend to be of longer duration, reducing the 

to high data rate mode for interval 132B. As in FIGS. 2B and frequency of such high data rate trials. 

5. if the base station properly received a message at the high 50 In FIGS. 7C and 7D, with sequential polling, polling 

data rate during interval 122B, the base could transmit an would take place at the standard data rate, e.g. 4800 baud, in 

acknowledgement at the standard data rate (TX) during time intervals such as indicated at 21, 23, 25, 27 and 36, FIG. 

interval 141A, the mobile unit being in the standard data rate 2B, and at 121A, FIG. 7C If terminal unit #3 were of the 

receive mode (RX) as represented at 151A. type shown at 80 in FIG. 6, the base station would be 

In FIGS. 7A and 7B, with sequential polling, polling 55 prograrnmed to send the poll during time interval 121A, 

would take place at the standard data rate, e.g. 4800 baud, in FIG. 7c, at the standard data rate and then switch to receive 

time intervals such as indicated at 21, 23, 25, 27 and 30, FIG. at 122A, also at the standard data rate. If the transmitted 

2B, and at 121, FIG. 7A. The base station could be pro- response during interval 132 A contains a command indicat- 

grammed with the data rate capacities of the respective ing operation at the higher data rate, the base would switch 

terminal units, and always switch to receive at the standard 60 its receiver 82A to receive at a higher data rate during the 

data rate after polling of a fixed data rate terminal as in FIG. remainder of the response time interval 122B. Each mobile 

2B. If, for example, terminal units #0, #1 and #2 were of the unit such as 80, FIG. 6 in default mode, could have its 

fixed data rate type, then receiver 72B would be conditioned transmitter 82B ready to transmit at the standard data rate 

aMhe-stattdar4data^?£e-diiriBg during-an4aterval-such-as432B^ameT4han a t a h igh er data 



response time intervals 22, 24 and 26. 65 rate than the standard data rate. Where the standard data rate 

If tcnninal unit #3 were of the type shown at 80 in FIG. is 4800 baud, it is preferred to utilize a higher data rate of 
6, the base station would be programmed to send the poll twice the standard data rate, i.e. 9600 baud, for a commu- 
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ni cation system such as the one described here, since such Knowing the temperature of the unit, and the approximate 

a relationship makes the switchabk baseband transmit-and- profile of average frequency Vs. temperature, there are 

receive circuitry simpler. The receiver 82A would not need alternative ways to aid data rate selection. A preferred way 

to be switchable but could be fixed to receive at the standard would be to break the operating temperature range into three 

data rate, e.g. 4800 baud, as at 131A. In mis case, a mobile 5 regions where the frequency is likely to be either near its 

unit such as 80 with address #3 would receive the poll during nominal value, high, or low. In the system of FIGS. 8A and 

time interval 131A, and would be ready to transmit the *B» the nominal regions might encompass the temperature 

baud-rate switching command during interval 132A at the ran g c where the frequency is likely to be within +/-1 KHz 

lower dataratc, eg. 4800 baud. In correspondence with FIG. wnich is 4/_2 PP m at450 MHz > 01 % PPm at 800 

4. the mobile terminal unit may switch modes from receive 10 MHi The high regions would be those where the frequency 

to transmit (R/T) in fifteen milliseconds during interval is to **> vc Ms va * ue * md xhc remainder would be 

160/^ classified as low regions. A simple high, nominal, or low 

_ . „ v . ... . . . _ mM indication would be communicated over the link to establish 

The mobile unit may send its high data rate message * _ ... . . . . . , . 

* . . . , y . , . M . .„ rj^. a data rate. Because of the statistical nature of the tempera- 

during interval 132B, the base station 76 receiving the high ^ ^ , .. «. * ^ • r \- 

. A 6 , < az * a + i>wr. a • • is rure profiles, the only tune that temperature information 

data rate message as indicated at 122B and issuing an 15 ,y. . ' n . , _ , 4 , „ . . . . , 

, . , ° . ^ ^ j * j . A , . . ° . would be heavily utilized to make a data rate decision would 

acknowledgement at the standard data rate during interval _ f , . , _ 

MU r^^L ip , <( - xr , . A A „ „ * , . . be when two units wishing to communicate were at opposite 

141A. If the message is received with an unacceptable _ , . .„ , . . 

Dumber of errors, controller 71 may be progtan^cd to exfremes, e.g. tugh and low. or low and high, 

transmit a not-acknowledge (NACK) to mobile unit #3 From a P™*" 1 standpoint it is more efficient for each 

during interval MIA, since the mobile unit is in a state to » Potable "mt to determine the magnitude of the temperature 

receive the message as represented at 151A. Controller 81 of differential relative to the base, since in this case the base can 

mobile unit #3 may be programmed either to attempt transmit its ternr*^ information to all mobile uruts once 

retransmission at the high data rate during the following «ch polbng cycle, nuaimmng system overhead. If the 

polling cycle or to retransmit at the low data rate, depending P 01 ^ 6 umt detomulcs *■* »** P™^* frequency 

on whether recent previous attempts at the high rate of » enn rare at opposite extremes, the data rate will revert to the 

transmission had also failed. standard rate. 

Having switched to transmission at the standard data rate, J«J* ^J^it^' T^T^^^ 

controller 81 of mobile unit #3 could execute a program ^ * e ^^a '^ ^J^T^ 

„. , ^ ... .„ ... during an interval such as indicated at 171, FIG. 8 A, or 

controlling a tentative resetting of the mobile unit to a higher «,7nr trliZ ^liin^TfiVcf mXi» ..n^Tc ,t 

data rate. In a simple case, the controller could attempt a 30 JIV^S?' J? P"<* *° Polling of a first mobile unit as at 

high data rate amission by sending a switchbackXs- 172 ' HGS - *V»* 80 U J polling procedure, 

sale duringa^Zrval such as 41, 42, 43 or 44, FIG. 5, or information from toe base sUtton 70 can be 

IuaTiV lE.ro, after the «pLion of a grU transroiOed as iadicaUjd * IK HG 8B. or 174A, FIG. 8D, 

number of polling cycles. If message traffic was heavy, each 1^ to a general priU at interval 175. 

polling cycle would tend to be of longer duration, reducing 35 In FIGS. 8A and 8B, temperature information may be sent 

me frequency of such high data rate trials. as part of a test transmission which will also include for 

example, transmission of a known sequence particularly 

Description of FIGS. 8A. B. SC and SD sensitive to jitter or other disturbances. FIGS. 8C and 8D 

represent the case where only base temperature information 

A mobile unit such as SO may include a temperature 40 is sent prior to a polling signal, 

sensor for sensing ambient temperature. Such a temrxa-ature Each mobile unit having a message to transmit will 

sensor may be associated with the terrninal input/output evaluate the temperature at the base 7t with respect to the 

means as indicated at 83A, FIG. 6. Such a temperature ambient temperature at the mobile unit as sensed at *3A, 

sensor may be incorporated in the mobile terminal unit for pjQ 4, ^ ^ determine the correct data rate for its 

use in connection with digitally controlled oscillator 45 message. For example, the first mottle unit may respond to 

compensation, bias compensation of liquid crystal displays, its ^ at 172? pjQ g A OT fig. 8C, by transinitting a signal 

or over/under temperature sense and shutdown, for example. during interval 176, FIG. 8A or FIG. 8C, indicating whether 

The temrjerature sensor 83A is useful in determining data its message win be sent at the standard data rate or at the 

rate since temperature changes at the transmitter 828 can higher data rate. The base station will then operate its 

cause a shift of the frequency of the RF carrier. The base 30 receiver 72B to receive the message during interval 177. 

station input/output means 73 may also include a tempera- Similariy foT me case of FIG. 8B or FIG. 8D, each mobile 

tore sensor 73A, and a digital measure of ambient tempera- UQjt such ^ g, haviQg a message to transmit will evaluate 

ture at the base is useful in controlling data rate since the me base lempcrature information in relation to its ambient 

local oscillator frequency of receiver 72B is affected by temperature, and respond in a selected time slot such as 178 

temperature. 55 ^ m a message indicating its address and whether its mes- 

It is advantageous to conmiiinicate the temperature of the sage w iu be transmitted at the standard data rate or at the 

base unit 71 to the mobile unit 80 so that the mobile unit can higher data rate. Then when the mobile unit is polled 

obtain a measure of any difference in ambient temperature individually by the base as at 179, the mobile unit will 

between the mobile unit and the base unit As the magnitude proceed to send its message at the selected data rate. In FIG. 

of the temperature difference begins to become large, the 60 8D, the temperature information and general poll signal may 

received high data rate signal becomes skewed (relative to be combined and transmitted as a unitary signal burst eg. 

the center of the IF filter passband). This results in distortion during the general poll interval 175A, so that the separate 

in the recovered data, which eventually with increasing transmission interval 174A may be omitted, 

magnitude of the frequency error makes data recovery _ „ ni , 

pto ar e 6 5 D escri ption of FIGS. 9A and 9B 



more susceptible to this effect, so that operation may still be For the case of sequential polling, FIG. 9A shows the 
feasible at the standard data rate. polling at 181 of a mobile unit such as 80, FIG. 6, whose 
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transmitter 82B has been switched over to the low data rate For the case of contention polling as in FIG. 11, a high 

mode, for example as described in reference to FIG. 7A and data rate test pattern may be sent during a time interval 210 

7B. Where the mobile unit has a message to send, it may which precedes or follows the general poll at 211. For 

affirm this in interval 182 by means of a test precursor signal example, as shown in FIG. 11, the high data test rate pattern 
at the low data rate during interval 182. This signal at 182 5 may occur during an interval corresponding to the first 

causes the base station to switch to high data rate reception response time slot such as 41, FIG. 5, in which case all 

at 183 whereupon the mobile unit sends a test pattern at the mobile units would be programmed to avoid selection of this 

high data rate during the corresponding interval 193. Ideally slot fOT contention purposes, 

a special test pattern would be sent during interval 193 Where the test patternr^ec«ted *e general poll as ^ at 46, 
wttchwas deseed to be particularly sensitive to marginal 10 ™ f each mobile unit would switch to high <^a rate 

transmission Sons. IfT test pattern were sent ahead recepdon aft^ivmgan £^<^ 

. , . . , , K 1« ^ua~ .mjt ,v*iiH 5, or for mobile units with no message to send, these units 

of the message to be transmitted, then the mobfle unit could ^ ^ ^ ^ was 

pause as at 194 to receive approval from the base of its ^ ^ ^ ^ ^ ^ rate reC eption to 

transmitted test patten before proceeding to send its 6et ^ mint tf ^ ^ ^ transmission was feasible (i.e. by 

message, so that the message could be sent at either the high 15 cvaluatmg rcccp tion of the test pattern transmitted by the 

data rate or at the standard data rate depending on the ba . 

decision signal from the base at 195. Thus, if the basesends # 

a switchback signal at 195, the mobile unit switches to the Description of FIG. 12 

high data rate (TXH) and sends its message as indicated at FIG. 12 shows exemplary relevant details for a transmitter 

198. 20 220 which may correspond with transmitter 72A or 82B, 

For the case of contention polling, the mobile unit would FIG. 6, and for a receiver 221 which may correspond with 
first respond as in FIG. 5, and at the interval such as 52A, receiver 72B or 82A, FIG. «. The reference numerals in FIG. 
FIG. 5, would send the test precursor signal as at 182, FIG. 12 designate elements of the system as follows: 230, com- 
9B. Again the data message would be sent at the high data munication controller, 231, data source; 232, preprocessing 
rate (as at 198, FIG. 9B) if the high data rate test pattern (as 25 and encoding section; 233, modulation generator; 234, data 
at 193) was approved by the base (as at 195). For either . shaping filter; 235, transmitter oscillator, 236, FM modula- 
sequential or contention polling, the mobile unit could omit tor; 237, transmitter amplifier, 238, antenna; 239, propaga- 
the high data rate test pattern and simply resume operation tion path; 240, antenna; 241, receiver local oscillator, 242, 
at the high data rate until otherwise instructed by the base. down conversion mixer; 243, intermediate frequency (IF) 

The test precursor signal at 182, FIG. 9B, could include 30 bandpass filter; 244, lirmter/discriminator demodulator; 245, 
temperature information as described for interval 171, FIG. band-limiting low pass filter; 246, baseband data detector; 
8A, or 174, FIG. 8B, so that FIGS. 9A, 9B could include the 247, timing recovery section; 248, clock generator; 249, data 
features of FIGS. 8A. 8B also. post processing section; 250, data destination; 251, commu- 

As explained in reference to FIGS. 8A and 8B, it is rucation controller. A description of an exemplary imple- 
advantageous if the base can send a data rate decision- 35 mentation of the baseband processing components is as 
relevant signal to all remote units simultaneously in the follows: 

process of dynamic data-rate selection. Thus, in FIG. 8A, the ( 1) I>igtod Pre-processing Section 232 
tansmission at 171 may include any of the test signals This function is provided using a commercially available 
disclosed here. For the case of FIG. 8B, any such test signal serial communication controller (SCQ. This device is pro- 
may be transmitted at the low or standard data rate in 40 grammable under software control so data rate may be 
interval 174, or may be included in or comprise the general changed without the need for additional hardware. TheSCC 
poll signal at 175. Alternatively, a high data rate test signal accepts raw data in parallel form, adds system overhead 
may be sent at an interval corresponding to interval 171, functions, such as framing, error detection, and control bits, 
FIG. 8A, or interval 174, FIG. 8B. and clocks out serial data at the proper baud rate. It also 

45 controls operation (on/off) of the transmitter. 
Description of FIGS. 10 and 11 (2 ) Modulation Generator 233 

FIGS. 10 and 11 illustrate embodiments where a switch- The NRZ formatted data supplied by the serial commu- 
able baud rate transmitter is utilized as indicated at 72A, ideation controller of section 232 is a single ended logic 
FIG. 6, to send a special high data rate test pattern. Ideally level signal. Modulation generator 233 includes a level 
a special test pattern designed to be particularly sensitive to 50 translator which converts this input signal to a signal which 
marginal transmission conditions would be used. is symmetrical around a d.c. reference voltage. This refer- 

For the case of sequential polling as represented in FIG. ence is used for the remainder of the baseband analog 
10. the base station may send the high data rate test pattern processing circuitry. 

as indicated at 2fl. interlaced with its regular polling of The signal from the level translator is supplied to a level 
respective mobile units as at 202. If for example, mobile unit 55 adjust circuit which may comprise a simple resistive attenu- 
#0 received the test pattern properly, and had a message to ator for scaling the signal to provide the proper FM deviation 
transmit it could respond at interval 203 with a switch to of the carrier. In the exemplary FM data transmission 
high data rate signal, and thereafter send its message at the system, occupied bandwidth is sixteen kilohertz maximum, 
high data rate, for reception during time interval 204. If the with five kilohertz maximum frequency deviation. This 
test pattern had not been received properly, the mobile unit 60 occupied band width constraint restricts the allowed devia- 
#0 would respond at the low data rate to be received as tion at higher data rates. The need to adjust deviation for the 
indicated at 28 in FIG. 2B. The switch between transmission different data rates is brought about by a combination of 
at high and low data rates as at 206. FIG. 10, or as at 207, system considerations, (optiimzing deviation to maximize 
— FIG . 9 B . w ould hav e a tfajaUon ^o a^to-provide^-s uit a h lc lin fr p e rforma n ce , at th e individ u al data rates) a nd regulatory 



stabilization period. The required delay for data rate 65 restrictions on maximum occupied bandwidth, 
switchover is dependent on the hardware implementation in In the exemplary system the circuit is designed to switch 
both the transmitting and receiving equipment the attenuation to optimize the deviation for each data rate. 
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In particular, the level adjust circuit is designed to switch in (7) Digital Post-Processing 

additional attenuation when operation is desired at 9600 As with component 232 of the transmitter, this function 

baud. Control line 261, FIG. 12, may control the serial may implemented in a serial communication controller. The 

communication controller to effect the change of data rate primary functions of this device are to remove system 

between 4800 baud and 9600 baud, for example, and control 5 overhead information that was added for transmission, per- 

line 262 may correspondingly control the switching in of form error control analysis, and provide the raw data to the 

additional attenuation for 9600 baud operation. data destination. Jt may also be used to perform some or all 

(3) Transmit Data Shaping Filter 234 The data shaping filter of the timing recovery function, if the serial implementation 
may comprise a linear phase response low pass filter with a is selected. Data rate is programmable under software con- 
pass band-width matched to the data rate. Its purpose is to to trol and may be controlled from controller 251 as repre- 
minimize the occupied bandwidth of the transmitted signal sented by control line 266. 

A switched capacitor filter implementation is used in the Data source 231 and data destination 256 may be imple- 

design which allows the bandwidth to be adjusted for 4800 men ted as a universal asynchronous recrive/transmit circuit 

baud or 9600 baud operation simply by changing an external (UART) which supplies data to the component 232 during 

provided clock which may be provided from controller 236 15 transmitting operation and which receives data from post- 

via line 263, FIG. 12. The filtered signal is supplied to the processing component 249 during reception operation. The 

radio transmitter FM modulator 236 for KF transmission. controller such as 236 or 251 may be connected in parallel 

(4) Recieve Low Pass Filter Circuit 245 with such a UART component for inputting data thereto for 
An input circuit to the low pass filter proper may provide transmission, and for receiving data therefrom, in parallel, 

an amplitude adjustment so that the incoming signal from 20 during reception. Alternatively, data may be provided to the 

limiter-discriniinator demodulator 244 can be set to the controller via direct memory access or DMA. In this 

proper level for the low pass filter and data recovery detector approach die serial communication controller stores the 

circuits to follow. The purpose of the receive filter is to received data in a designated memory location where it can 

minimize inter-symbol interference at the receive data be directly retrieved by the controller, 
recovery circuitry. It also provides a <Lc. offset to center the 25 It will be understood by those skilled in the art that in 

signal within the input range of the low-pass filter and zero practice, the timing recovery section 247, clock generator 

crossing detector. The low-pass filter itself and may be a 248, and the controller components may all be implemented 

switched capacitor linear phase filter similar to the filter used in a single microprocessor, as would a portion of the receiver 

in component 234 of the transmitter. Its purpose is to remove post-processing section 249. 

noise components which are outside of the data bandwidth. 20 The circuitry of FIG. 12 represents a narrow-band fre- 

The bandwidth of this filter is determined by an external quency modulation (FM) radio data communication system, 

clock signal supplied via a line 265, FIG. 12, from controller FIG. 12 shows a received signal strength indicator (RSSI) 

251. 270 associated with the linuto^scriminator section 244, 

(5) Receive Data Recovery Circuitry 247 and a signal quality indicator 271 associated with the clock 
This circuitry may function as a zero crossing detector 35 generator 248. Components 276 and 271 will now be 

and may comprise a reference recovery circuit and a com- discussed in separately headed sections, 
parator with hysteresis. The dx. bias voltage from the filter (1) RSSI Component 270 

circuit 245 varies in proportion to the total frequency error Several commercially available integrated-circuit FM 

in the received signal and local oscillators (the same phe- demodulators now incorporate the RSSI function. In 

nomenon that causes skewing in the IF filters 243). The 40 operation, an output voltage or current is provided propor- 

reference recovery circuit tracks the signal and extracts a tional to the degree of limiting in the limiter portion of the 

reference signal which is applied to the comparator. The integrated circuitry. The RSSI output may be applied to an 

comparator compares the incoming signal against the refer- analog to digital converter and then to the microprocessor of 

encc to detect zero crossings in the data. Hysteresis is a controller such as 71 or 81, FIG. 6, or 251, FIG. 12, The 

utilized to provide additional noise immunity under weak 45 programming of the microprocessor of the controller may 

signal conditions. then determine the presence and signal strength of the 

A zero-crossing-detection approach is considered advan- carrier, and make a decision as to whether it is desirable to 

tageous because it is relatively insensitive to the amplitude revert to the lower data rate. The individual polling signals 

distortion that occurs in the receiver at the data rate of 9600 such as 21, 23, 25, 27 in FIG. 2B and such as 51 and 54 in 

baud Such a circuit is selected because its operation is so FIG. 5 may take a special form for signaling the respective 

relatively data rate independent It can be used at 4800 baud addressed terminal unit that messages are to be transmitted 

or 9600 baud without adjustment. at the lower data rate until further notice. Since factors other 

(6) Timing Recovery and Clock Generator than signal strength influence the ability to use higher data 
The function of the tuning recovery circuit is to synchro- rates, such as skewing of the received signal frequency and 

nize a locally generated data clock signal with the incoming 55 receiver local oscillators due to temperature. It is conceived 

NRZ data. Possible implementations include an early-late that other criteria may be utilized along with received signal 

gate or phase locked loop. By continuously monitoring the strength to determine when switching to the lower data rate 

degree of coincidence of received data transitions and the is advisable. 

recovered dock signal, a signal quality indication can be In evaluating mulupath effects the RSSI output should be 

derived for use in making data rate selection decisions. The 60 sampled several tiroes during receipt of a message. Data rate 

recovered clock signal may be used to gate the data recovery selection should be based upon a weighted average value, 

circuit at the center of each received bit, which may provide The weighing function should give emphasis to the lower 

improved performance at the expense of more complex signal strengths measured since the average strength of a 

hardware. fading signal tends to approximate its peak value. - 

— Timing rrrovrry m a y be p e rf o rm ed in pa r a ll e l wi th-data-45 (2)^Siqnal-Quality-Indicator-274 

recovery as shown in FIG. 12, or serially, following data A preferred method of evaluating whether to switch to a 

recovery. low data rate is to use a signal quality indicator derived from 
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the receive dock generator 248. This indicator would pro- controller means snch as 71 in the poll response. This 
duce a signal by comparing the regenerated receive clock response could ako conlak a test sequence to characterize 
Such woSd^ainlo^ amount of jitter due to noise and the return link as in FIG. 9B. If a reaprocal channel <s 
A^ZZTlI tkT™-«« Hnv uA,h the ideal dock. A test present, characterization of one of the links only may 

rwc^dmost^y^advantag^ussoastomakeme — -J^JT pSc^ndom test pattern used is 
measurement more reliable and sensitive. . somewhat arbitrary. An initial design uses a pattern of a 

The receiving unit performs a qualitative analysis of tte rf ^ mdudill dght bits for synchronizauon. 

960(M>aud signal, e.g. a special test pattern, by sensing the j^ fony Wt leogth was selected because it repre- 

jitter in the received signal. Most of the signal quality 10 sentg a good ^^0^ between signal characterization 
indicator circuit 271 can easily be implemented in any one and low system overhead. It is more than adequate to 
of a number of commercially available programmable logic characterize the degradation of the link due to poor signal 
devices. The control portion may utilize the on-board micro- strength and distortion in the channel, 
computer of the controller 251. Alternatively, the entire jitter ^ a ^g^i quality indicator is available from the received 
characterization function could be implemented in software 15 dock generator, the use of a correlator is a redundant 
given a sufficiently powerful microcomputer. function. The test pattern could be used in either case. 

By way of example, the test pattern may consist of an of mGt n 

The initialization sequence may consist of an alternating ^^^^Xme earlier looWteUslfro. 
pattern of eight ones and zeros. A clock pattern can be used form part of the commercial FT 1200 system, 

for synchronization because *e ^ uncer^ty of me J£» ^ as retrescIltcd m FIG. 4 

beginning of the sequence * sugltt. If uncertainty were > ' m cRT7200 commercial system. To accom- 
greater, a seven-bit Barker «equ«« oodd be «d. 25 ^ mobile tCTminal ^ me system of FIG. 12 

For timing synchrontfatioo, the cacuit ftocttons as a conduct its operations at the standard data rate 

sliding correlator. A bit image of the .deal tmmg imtializa- V A 3X the dormant polling protocol 

tion SC< !!^ Sa T 1C ? V/i VC \,? amP « P ™ features may be incorporated so as to providVa clear channel 
(11111110000000.. . ) is loade d from the p^n^ when polling is unnecessary Thus, the system of FIG. 12 is 
into tte compare regjste^The mcommg dateusa^edas 30 ™^ C ^\^ K<1 for ^ m management and 

shifted into the shift register at seven times the brt rat* After ^^applications in retail stares, warehousing, 

each shift operation, the smft register and compare register J^^^^ for simple, allsswi]tg op^tors at 

^ eX ^ WC ^^ d * e ^ ee0f ^ ^T^n^ r^cXationstocomrr^mc^ 

errors) determtned. This conunues ^*' n ^° f .f™ ,5 computer system on a real-time basis, 

detected is less than a maximum error threshold (in this case 35 "* J 

SnSAtttotpo^meshiftoperation continues as The radio system of FKj. 12 may utilize a star network 

^ZZJ^oi^cc^^^t^.^^ configuration The base ^Uon may cornpnse receive and 

mcrlate to the number of errors is noted, synchronization is transmit sections as m FIG. 12and may utihze a smgle 

assumed to have occurred on the previous dock sample. If ZX^KC ^T^ltl^T Zl 

the number of detected errors does not decrease to below the 40 controllers 23« and Ml, FIG. J*£?*^'J%™& 

threshold within a timeout period, the remainder of the data communication controller of the 

characterization is not perfumed, and e.g. 4S00-baud opera- spond with controller 71, FIG. 6, and pr<mde a date mter- 

|~ . "~ ^ face to a host computer such as represented at 74, FIG. 6. 

On^ck synchronization has been obtained, the circuit Thus, data from me single controller is convey into a 

ento a block ^relation mode. A firry-six-bit image of the 45 radio frequency signal, and signals received *om remote 

Slight bits of the pseudo-random tot pattern is loaded ^ of the twocommeraal types and f<^*' 

too thtcornparison renter. Incoming data is clocked in for represented in FIG. 12 are converted „to l^level signals 

the first comparison because the bit synchronization is one three different kinds are designed to be operated I « , a 

^^t^TiS S Z°ZZ\7%£ Chicle. Each remote unit has the capability of working ^ 

dSnedThe next fifty-six bit image is then loaded into » variety of peripheral devices, the most common of which 

m^T^i^reStenrthenextW^ samples are are various ;types of bar cc^s^.T^rerr^teumtsnuy 

* ^r^rZ. . t ^ „ utilize an integral microcomputer for performing the tunc- 

shifted in. This process continues for the duration of the test 55 ^ rf ^ ^ 12 % nd Mcb 

^A^nning total of the number of detected errors, inducting integral microcomputer then controls operation of the 

those noted in the synchronization process, is maintained remote unit and provides local processing of user and 

throughoutmecharacterizationprocess.Attheconclusionof r*fipneral device inputs 

the process, the total number of errors is compared against 60 The system of FIG. 12 particularly rebtes to data ^com- 

a threshold value to make the date rate decision. The mumcanon in the ultra-high-frequency (UHF) range. While 

threshold for selecting e.g. 9600-baud operation is sixty several different illation methods would be r*rnntteo\ 

errors out of two hundred eighty samples or twenty-one frequency modulation <FM) is fllustrated in FIG. 12- 

percenL If the error percentage is above Uiis l e vel, eg. raent-operating un de r t he** condi tion s in t tr United St a tes 



4800-baiid operation is used. « * ^ b J ect to me Allowing lumtaUons: 

For embodiments such as shown is FIGS. It and 11, the (1) Occupied band width is sixteen kUohertz maximum, 
data rate selection must be communicated to the base station with five kilohertz maximum frequency deviation. 
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(2) Channel spacing is 25 kilohcctz. This requires the use If transmitter power is fixed by constraints such as 
of highly selected filtering in the receiver to reduce the regulations, cost, or battery life, this decrease in sen- 
potential for interference from nearby radio equipment sitivity translates directly into a decrease in system 
operating on adjacent channels. range. 

(p3) Maximum output power is generally in the range of 5 (2) The twenty-five kilohertz channel spacing requirement 

ten to three hundred watts. For localized operation in a has resulted in the use of narrow band IF filters in the 

fixed location, however, transmitter power output may receiver. These filters tend to provide amplitude roll-off 

be limited to two watts maximum, and limitations may of high frequency components in the recovered data, 

be placed on antenna height as well. These restrictions Furthermore, cost considerations have not allowed the 

are intended to limit system range so as to allow 10 use of filters with linear passband phase characteristics, 

efficient re-use of frequencies. and this results in delay distortion (jitter) in the recov- 

For non-return to zero (NRZ) data modulation, the highest ered data. These effects are most pronounced for data 
modulating frequency is equal to one half the data rate in signals with frequency components above three kilo- 
baud. Maximum deviation of five kilohertz may be utilized hertz. 

for a highest modulation frequency which is less than three is (3) Changes in ambient temperature cause changes in the 

kilohertz, but lower deviations are generally required for transmitter and receiver local oscillator frequencies, 

higher modulation frequencies. Thus, at a data rate of ten This tends to be least detrimental when a base and 

thousand baud, and an occupied bandwidth of sixteen remote unit are at about the same temperature, and to 

kilohertz, the peak FM deviation which can be utilized for be most detrimental when they are at opposite tem- 

NRZ data may be three kilohertz or less. 20 perature extremes. Also, repeated temperature cycling 

Considerations of cost versus performance tradeoffs are causes aging or long-term drift in the crystal frequency 

the major reason far the selection of the frequency modu- control elements over time. These two effects result in 

lation approach used in the system. The approach utilizes skewing of the received signal so that it is no longer 

shaped non-return-to-zcro (NRZ) data for bandwidth effi- centered in the IF filter, compounding the effects cited 

dency and non-coherent demodulation using a limiter- 25 in the preceding paragraph (2). 

discriminator detector for reasonable performance at weak (4) Because the system under discussion here is intended 

RF signal levels. for use within single buildings or complexes of 

The radio transceivers in the base and remote units nave buildings, propagation anomalies such as shadow fad- 
been derived from design configurations originally devised iug and Rayleigh fading are troublesome. These effects 
for voice equipment, thereby taking advantage of the exist- 30 are generally worse for higher data rates both because 
ing components developed for that market While the per- of the shorter bit intervals involved (shorter integration 
formance of these modules has been optimized specifically tune m the data recovery process) and because of the 
for data, cost considerations have dictated that performance sensitivity degradation noted in the preceding para- 
goals be compromised in some areas, particularly transmit- graph (1). 

ter and receiver local oscillator frequency stabilities and IF 35 Because of the difficulties just noted, it is not possible to 

filter characteristics. provide adequate system performance under all conditions 

For example, in the illustrated embodiment, transmit in the intended applications at a relatively high data rate such 

oscillator 235 and receiver local oscillator 241 may have a as ten thousand baud. The use of a lower data rate such as 

frequency stability over a teinperature range from minus 4800 baud provides improvements in system range and 

thirty degrees Celsius to plus sixty degrees Celsius of five 40 reliability even in comparison to a data rate of seven 

parts per million (0.0005 percent). thousand baud. Field experience has proved that a data rate 

The IF filter 243 is selected to pass the modulated signal of 4800 bits per second is an excellent compromise for 

with fidelity, and to provide the required adjacent channel systems that employ limited numbers of remote units and 

selectivity. The filter pass band must be wide enough to can tolerate the lower throughput rate. Switching the data 

accommodate center frequency errors due to the transmitter 45 rate between 4800 baud and 9600 baud instead of between 

and receiver frequency tolerances noted above. Ideally, the 4800 baud and 10,000baud , for example, is preferred 

filter should have linear pass band phase characteristics to because of lower cost. 

avoid introducing delay distortion in the recovered data. Since some transceiver module designs that may be 

Cost • considerations have dictated performance compro- utilized in FIG. 12 do not have RSSI capabilities, it may be 

mises in filter selection. The filters used exhibit both ampli- 50 preferred to use the RSSI measurement as an optional or 

tude roll-off and nonlinear phase characteristics near the secondary indicator, the system still being effective in the 

edges of the pass band, which results in detectable inter- absence of component 270, FIG. 12, but with slightly lower 

symbol interference (ISI) in the recovered baseband signal at throughput efficiency. Where the RSSI measurement is 

higher data rates, particularly when frequency offset error is utilized, it is considered desirable to sample the output of 

present 55 component 270 three to five times during a poll interval to 

The following is a summary of some of the factors which gain an accurate indication of signal strength, e.g. to take 

prevent reliable continuous operation of the system of FIG. account of signal fading effects. For initial message 

12 at the higher data rate such as 9600 baud under all transmission, the default data rate to be used may be 9600 

operating conditions: baud, unless the RSSI measurement indicates weak signal 

(1) There is a sensitivity penalty for operating at higher 60 conditions. Thereafter, 9600 baud will continue to be used 

data rates. For a given bit error rate (BER) the combi- until low signal strength is detected, or a communication 

nation of higher baseband low pass filter bandwidth s failure occurs. On failure, the system will revert to 4800- 

and lower bit energies dictates a need for a stronger baud message transmission until a retry algorithm initiates 

signal at the receiver input than that required for lower another attempt at 9600 baud. 

data rates. This is compounded by the fact the occu pied 65 The decision to retry the high data rate may he based nn 

bandwidth restrictions force the use of lower than a number of factors in the embodiment of FIG. 12. If poor 

optimum deviation when higher data rates are utilized signal strength indication at component 270 dictates 4800- 
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baud operation, then 9600-baud operation can be attempted adapted to optimize me devices for communication 

as soon as signal strength improvement is noted. If 4800 using the respective different data rates, 

baud was utilized because of communication failure at 9600 (5) As shown in FIG. 12. a preferred approach may 

baud, several factors can be considered in determining when involve pre-modulation and post-demodulation signal 

to attempt operation again at 9600 baud These factors 5 processing operations only so that it is particularly 

include: cost-effective to implement 

(1) Elapsed time since Ac last ™^*^Stacc the Use of a Test Pattern to Evaluate 
remote umts are generally hand held ormcWefactcrs Susceptibility to Jitter 

which force the lower data rate are subject to change as * J 

the remote units are moved to different locations. 10 The signal quality indicator 271, FIG. 12, may detect jitter 

(2) Monitoring of 9600-baud transmissions from the base in the recovered data by multiple sampling of the recovered 
to other remote units. These transmissions can be used digital data stream e.g. from a test pattern at a rate of ten or 
as test patterns to determine if-9600 baud transmissions more samples per bit to determine the extent to which the 
can be received without errors. intervals between bit transitions differ from the nominal 

(3) System traffic. If the system is lightly loaded, more 15 intervals for transmission at 9600 baud. A disadvantage of 
frequent attempts at re-establishing 9600-baud commu- this approach is that <t is iteyondlhe capabMaes of toe serial 
nicatfons cTbe made without introducing unaccept- communication controller wluch is preferably * 
able degradations in system response time. In the post-processing section 249 and in the associated digital 
sequential polled protocol loading can be determined ^ pre-processing component 232 of each transcerver.lt can be 
by measuring the elapsed time between successive 20 implemented by providing the recovered data <nrcctly to toe 
polls of a particular address. In the contention protocol microcomputer of controller 251. For a presently available 
loading can be ascertained by monitoring the number of [™ cost rmcrocomputer, this prevents the mencompota 
empty time slots (Le. time slots in which no response fro* handling other tasks during me evaluation of the 
message occurs) received test pattern. In this implementation, the test pattern 

,..„ ^ , «._i.^(vcnfY 23 can be relatively short, for example, thirty-two bits. 

(4) Number of message transmissions since the last 9600- ^u^^^j o. v, > ..... 

baud attempt That is, the algorithm may cause a retry A jitter characterization approach as already described 

of 9600-baud operation every firm, or tenth or twenti- with reference to component 271. FIG. 12. transmits a 

eth transmission "worst case" data sequence which is specially selected to 

(5) Internal temperature of the base and/or remote unit _ have a high susceptibility to n«se and distortion If toe serial 
SiL many^Srewing effects of the IF filters are 30 communicaton controller (SCO is able to decode toe 
temperature related, continued temperature extremes sequence trans mission at 9600 baud is automatically 
(MgMemperature duTerentialberweeTbase and mobile If it fads to decode toe sequence, transmission at 
uni? cSndLte less frequent retries at 9600 baud 4«00baudis automaticaUy us^The advantage of this jitter 
should be attempted. Temp^aturc information is avail- 3 , charactenzation approach ,is that U docs oc* requre the use 
able in the remotc^nWteuse in other circuits, and can 33 of the m.crocomputer of toe communication controller com- 
be utilized without introducing additional cost for the P°»««- Usu * *» fS*™* ™<V>™ » logger test pattern, 
un ^ t perhaps several hundred bits. 

It is known in the art to utilize FM data equipment Explanation of the General Concept of 

wherein one of several data rates may be selected by the ^ Handshaking and Its Application to Data Rate 

system user at the time of system installation based upon Selection According to the Present Invention 

propagation conditions of the particular installation. A sig- - t . 

St disadvantage of the user-switchable approach results The following generahzed example exp^ how data 

from toe fact toatin many mobile installations propagation rate selection ™y takeplace „ betweenwuts which uhhze 

conditions are not static, but are subject to dramatic change „ a handshalrmg mode of coirmiumcatioa ms exarnple fllus- 

in the course of short periods of time. This is normally the ^ates the application of the teachings of the foregoing 

case in systems .mlizingmobile or portable devices. The key embodunentswtbout reference to theparticular protocols of 

characteristics of the approach of toe present disclosure, on EKSS. 2B and 5. 

toe other hand, are: GENERALIZED EXAMPLE (protocol 

(1) Dynamic adaptive data rate selection takes place x independent) 

automattaaljy to increase data tr^«fone^ency Consider a radio system that consists of several unit, each 

and reliability where communication may be required . J 

under relatively strong and relatively weak signal with a unique address. 

conditions, and where propagation conditions may }) In the simplest casejbe jystem may consist of two 

change rapidly. 55 ""^ #1 and *2« one ^ both of which are mobile, 

(2) Handshaking between devices may be used to initiate 2) In a standby mode of operation both units program their 
a communication session and to establish the data rate receivers to receive at the low data rate. 

for that session. 3) When a unit has information to communicate, it 

(3) Signal quality measurements for detennining auto- switches to transmit at the standard rate, and sends a query 
malic switching may be based both on direct measure- 60 to the other (target) unit. Following this transmission, the 
ments of signal quality as represented at 271 in FIG. 12, unit switches to once again receive at the standard rate, 
and also on indirect measurements such as represented 4) If the target unit for some reason (e.g. out of range) 
by the received signal strength indicator component does not correctly receive the query it makes no response. 

270-FtG. 12 . AekUtional-pararK^ters may-be readily After-a timeout period, t he initiating-unit-may p e rio dica ll y- 

introduced by prograniming. 65 attempt to re-establish the link. 

(4) As shown in FIG. 12, performance characteristics of 5) If the target unit correctly receives the transmission it 
the baseband signal processing apparatus may be performs an analysis to determine the quality of the radio 
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link (propagation path and radio hardware). This may high data rate if such high rate was currently being used by 

involve combinations of signal strength measurement, jitter . such terminal. However, because of the possible rapid 

in the received data, or use of information communicated in variation in operating conditions for each terminal during its 

the transmission. A transmission which is to be evaluated as movement at varying distances from the base transceiver 

an aid to deciding on a dynamic basis whether a high data 5 station, if the base does not receive a response from such a 

rate is feasible is here termed a "test signal" or "test terminal at the high data rate, the base may send the address 

transmission* Based upon the results of the analysis, the of such a station as part of further multi-terminal polls at the 

unit determines whether to utilize the standard data rate or n0fmal weI1 48 » te - A ***** 

a higher rate for a subsequent communication session having nmWr^e daurate car^uitie^ wiA a need to transmit 

between the two units. 10 an mbound message, will monitor the higher data rate poll 

^ - _ . . . . . . . and if such higher data rate poll is successfully received* the 

, , Tf,^ *L ^ bV . S T^"!! received rignal wfll be evaluated e.g. taking account of 

to taunt at the standar d rate communicates its data ^ g ^ J ^ * ^ fadk 

rate selection to the initiating unit It then switches to receive ~ ^ ~ . , tA*i— • • u . . 

A ... , . u j * . ... effects, so as to determine whether transmission should be 

at other the standard or higher data rate depending on which attempted at me high date rate, 

it has selected. 15 _ . . . , ^ _ , A . 

. . . . . . As explained in relation to FIG. 12, the contention polling 

7) The initiating unit, upon receipt of the return ^ flt ^ ^ ^ hayc ^ s ^ * 

handshake, switches to transmit its message at the selected streQgtfa at 270, FIG. 12, the RSSI output being 

data rate. sampled several times during receipt, and evaluated accord- 

8) Upon receipt of an end of message indication from the ^ ing to a weighted average value, the weighing function 
initiating unit, the target unit, switches to transmit at the giving emphasis to the lower signal strengths measured, 
selected rate, and sends a response or acknowledgement to ^ avC rage strength of a fading signal tends to 
the initiating unit. approximate its peak value. The indicator 271 may be 

9) If the high rate has been selected, and for some reason utilized to measure jitter due to noise and distortion in the 
signal propagation conditions change during the communi- M radio link as described with reference to FIG. 12. Further, 
cation session such that com m » mention at the high rate temperature measurements at the base transceiver »"ft and at 
becomes impossible, the units would after a timeout period the mobile terminal unit may be compared utilizing tera- 
attempt to re-establish the session at the standard data rate. perature sensors such as 73A and 83A as described in 

t% c ttt^cv reference to FIG. 6. 

Description of FIGS. 13-16 , , . ^ ^ 

30 At the conclusion of contention polling at the low date 

In the protocol of FIG. 5, the base station and mobile rate, the base station establishes communications with those 

terminals were only capable of single data rate operation at mobile units that were successfully identified within the 

a limited normal data rate. Such a limited normal data rate allocated number of response slots associated with such low 

was selected so that reliable communication could take place data rate poll Such communications arc established by 

over the entire geographical operating range of the mobile 35 polling the respective terminal by means of its unique 

transceiver units. Such a normal data rate is selected taking address, receiving the tenninal response, and the base trans- 

into account that the mobile transceiver units may operate mitring an acknowledgement for each respective tenninal. 

not only at close range where receive signals are strong, but The combination of the rnuln-terminal contention poll and 

also in fringe areas where received signals are extremely resulting communication sessions comprises one variable 

weak. Furthermore, the mobile units may operate under ^ length low data rate communication frame. Such a variable 

extreme conditions of temperature in comparison with the length communication frame is represented in FIG. 13 as 

temperature of the base transceiver station. comprising a low data rate (c.g. 4800 baud) midu^tcrrninal 

FIGS. 13 to 16 illustrate enhanced protocol systems poll during interval 390, followed by a selected number of 

suitable for upgrading a system such as illustrated in FIG. 5 response slots SI, S2, ...» SM. The response time interval 

for increased data throughput without requiring the upgrad- 43 301 represented by the total duration of the M slots is then 

ing of firmware in the large population of terminals designed indicated as being followed by a low data rate (e.g. 4800 

for single data rate operation at the normal data rate. The baud) communication session during an interval 302. 

approach of FIGS. 13 to 16 achieves an advantageous in FIG. 13, the variable length low data rate communi- 

simplicity in operation of the data collection system in spite cation frame 300-302, is followed by a high data rate 

of the presence of such single data rate mobile terminal jq variable length communication frame including a high data 

units, rate (e.g. 9600 baud) multi-tenninal poll at 311, a selected 

In the embodiments of FIGS. 13 to 16. the base/controller number of response slots SI, S2, . . . , SN (where N would 

station dynamically adjusts the number of slots associated generally be a different number than M), covering a response 

with a low data rate poll based upon channel traffic at the low time interval 312, and followed by a high data rate commu- 

data rate, and dynamically adjusts the number of slots 55 nication session with successfully responding mobile termi- 

associated with a higher data rate poll based on channel nal units as indicated at 313. 

traffic at the higher data rate. Additionally, as described in FIG. 14 illustrates a specific example in accordance with 
relation to FIGS. 1A-1C, the base/controller station may FIG. 13 where the low data rate and high data rate commu- 
enter a dormant "listening" state whenever no channel traffic nication frames alternate, FIG. 14 showing four response 
exists for a period of time exceeding the predetermined 60 slots following a high data rate multi-terminal poll interval 
threshold time period t rt . Upon a request for polling while in 311 (N equals four), and one response slot following the low 
a dormant state, the base/controller station may directly data rate multi-terminal poll at interval 3+0. In the embodi- 
enter the polling state at the low data rate or may first ments of FIGS. 13 and 14, the base/controller station trans- 
respond to the specific request mits multi-terminal polls alternately at the low and high data 
- A^errninal capable-of hi gh -data-rate operation for which 65 ratesy-and the indivixiual-mobile-ternunal^mts-will-selec- 



the base station has an (outbound) message may be initially tively respond to the contention poll which provides the 
identified as part of a multi-terminal poll (MTP) having the optimum data rate for the channel characteristics in their 
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respective current locations. Such response will establish the significant number of transmissions which could have been 

data rate for the subsequent communication session between made at the high rate will be made at the low rate, reducing 

the base and a successfully responding mobile terminal unit throughput. If the threshold is set too low, fading will result 

The data rate determination can conceivably be made in a significant number of retransmissions, which will also 

using any or all of the means described with reference to 5 reduce throughput An optiimim RSSI threshold at twenty 

FIGS. 6 through 12. A simple approach is to (a) require the decibels above the nominal 10-6 BER sensitivity at the high 

mobile terminal units to sicc^Xlly decode the high data data rate will result m »me small number of 

„ . - x 4 . ncc ; . lT+ . ; _ re-transmissions due to channel disturbances, but generally 

' ; j\ 7 1 transmission (e.g. the unit making the response to a multi- 

The high data rate sensitivity threshold is taken with refer- . , / Jr ... . * , . . 

Kii\f uijju wiw , ij^iuuiti j m m>\f^^ terminal contention poll) makes the rate switching decision, 

ence to the maxin^ acceptable bitmon^ ^ to toe embodiment of FIGS. 13 and 14, toe rate switching 

g.ven applicaUon (e.g. a nominal *» decision is to be made by the mobile terminal unit A 

minus six power, or one in one million, BER sensitivity at 15 . . ..... . ... , 

the high data rate), toe RSSI threshold being selected so as deastontnbotothe base ^onand toe mobde transceiver 

to iStt in some small number of re-transmissions due to «* might be desrrable rf the channel were not symmemc, 

fading effects and other channel disturbances. As previously for « ara P le * **** rtaUon had significantly higher 

RSSI measurement is to be weighted so as to power output man the mobde umtThe approach of having 

^account the rapid fading effects which can be 20 * e mobdc ^ T ^ ?1 !~ 

1 a Z .u T " ? • licence to distribute to them toe data rate switching rate 

exDccted when the mobile transceiver units are in connnu- "* . . . , ^_ . . . . 

ouforfequent motion at various distances from toe base res f 111 f^ftransim^ons required to dynarat- 

S station. Such rapid fading effects are to be **» xate in a rapidly ch^p^prcpagauon 

c^aTted with slow fadingdFects which might be experi- «™ronment. The system as represented in FIGS. 13 and 14 

«ceTbe^een stationary transceivers in aHffice building 25 * *» res ^ ^^JtfT to * e C ° Ue *° n 

™ , ~T . / , Aa i;w t « environment wherein the mobile transceiver units may be in 

due to the movement . of people* mail carts, and the like. In , . / 

- i , ^ x ♦ • a- dc *™r continuous or frequent motion with consequent rapid vana- 

a tvracal application of the present invention, the RF trans- ™ . ~* ^ . f , . 

7** . w ... _/ . A - „ ! A 0 . r tions in signal strength, frequent operation in fringe 

ceiver of a mobile unit may be secured with a bar-code . 6 . ^ / ^ „ 

. . - ^ . / , • . conditions, and environmental extremes (eg. of temperature 

scanner such as a deflected laser beam bar-code scanner or ' , , . * • . . 

« . i **. as between a mobile unit and base station) degrading hard- 

an instant CCD bar-code scanner. In such an example, the 30 "j; 7 & 

bar code data could be transmitted to the base station as the ware performance. .... 

RF transceiver and a scanner device were being jointly the simple example where data rate deterrnination is 

transported by a vehicle (e.g. a forklift truck) to another site, based on the successful decoding of the high data rate poll 

oMkRF iansceiver and a scanner, e.g. as a unitary .^^^ U ^.^^^°JJ^^ ^ $11*-^ if°^I 1? 

hand-held device, could be carried by the operator to another 35 ™pid signal fading effects, the poll at 311 itself actuaUy 

site as the bar code data was being transmitted to the base to<*<™ as * « V*?*> fd the occurrence of any bit 

station. Because of the possible continuous or frequent errors in the decoding of the high data poll indicates the use 

movement of the mobile transceiver units within a factory or of the low rate. The system of FIGS. 13 and 14 may make 

warehouse environment or in outdoor environments, the of jitter characterization, e.g. based on the stability of 

successful reception of a high data rate polling signal alone 40 recovered data clock during the received polling signal 

generally should not be relied upon in evaluating whether ^ As a fail-safe measure, excessive failures at accessing 

communication should be carried out at the high data rate. the base station through response to the rrudu^erminal poll, 

The probable feasibility of cornrnunication at the high data ^frant^nessagc transmission attempts at the high data rate 

rate, (with the goal of higher data throughput in the system), will result in the mobile terminals selecting the low data rate, 

must also take account of the possible motion of the mobUe 45 with periodic retries at the higher rate, e£ base4 on the 

transceiver unit and the consequent possibility of fast fading various criteria described with respect to FIGS. 6 through 

(rapid fluctuations in signal level due to multipath effects) 12* 

during the course of a message transmission (e.g. of col- Internal temperature information can be used in conjunc- 

lected bar code data). Thus, the purpose of using a signal tion with a stored table containing typical oscillator fre- 

quality indication, for example the RSSI measurement of 50 quency offsets as a function of temperature. The combina- 

component 270. FIG. 12, or the jitter characterization as tion use of the fail-safe mode (good signal strength, but poor 

represented at 271, FIG. 11 is to ascertain whether mere is cornmnnicatioris), and operation at a temperature where 

likely to be sufficient margin against fading (or other channel large oscillator frequent offsets can typically be expected, 

disturbance such as impulsive noise due to electrical will dictate less frequent retry attempts until temperature 

machinery) during the course of the transmission. 55 measurements indicate that the frequency offset is most 

By way of example, empirical data shows that twenty \&£iy reduced, 

decibels of signal margin relative to the nominal 10 (exp-6) The ability of the base station according to FIGS. 13 and 

(ten to the minus six power, or one in one rmUion) BER 14 to independently adjust the number of slots for the low 

sensitivity threshold at the high data rate, provides protec- data rate frames and for the higi-data-rate frames according 

tion against about ninety percent of the fades encountered in 60 to the recent traffic at the respective data rate, preserves the 

fringe areas in atypical industrial environment, while fifteen throughput advantage of dual or multiple data rate operation 

decibels of signal margin provides protection against sev- by rmiiimizing system overhead. Adding to this efficiency, 

enty percent of such fades. Thus, for example, the RSSI the dormant protocol features may also be incorporated so as 

tfirr.hnM fnr Hrtffmimn g whether to tr an^i* *t th* hi ff h or to provide an even faster response in conditions of very low 
low rate is established at some level above the minimum 65 traffic 

level at which reliable communication is usually possible at The example of FIG. 14 where four slots are allocated to 

the higher data rate. If the threshold is set too high, a high data rate communication (e.g. 9600 baud), and one slot 
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is allocated to low data rate communication (e.g. 4800 baud) rate contention poll (e.g. with respect to received signal 

may result where the majority of traffic had been occurring strength and/or jitter as described with reference to FIGS, 

at die higher data rate, with perhaps only occasional trans- 13-16). 

missions at the lower rate. If the decision c^cerning the test pattern (e.g. as repre- 

FIG. 15 shows switching alternately between the high and 5 sented at 21#, FIG. 11) or concerning the high data rate 

low data rate frames, with the values of N and M varying in contention poll of FIGS. 13-16, as represented by block 

accordance with the numbers of responses to the respective 17-8 in FIG. 17. is negative, then the mobile transceiver unit 

high data rate and low data rate polls. For example, if a may respond selecting the low data rate fox transmission of 

number of full slots and collisions between responding its data (as with mobile unit #0 in FIG. 11) or the mobile 

mobile stations occurs with a value of N of four as in FIG. 10 transceiver unit may await a low data rate poll (as at 3#0A, 

14, a succeeding high data rate frame such as indicated at FIGS. 14, 15 and 16). 

320 in FIG. 15 may take place with an increased number of . Where a mobile unit selects a low date rate and success- 
slots, e.g. five slots (N equals five) or more at 312- A, FIG. fully responds, a specific poll addressed to the mobile unit 

15, Similarly if collisions occurred at the single slot at will then be at the low data rate as represented by "poll #0 
interval 30 1A in response to the low data rate poll, then the 15 " in FIG. 11, and the data then transmitted to the base will 
number of slots at a subsequent communication frame 321 be sent at the low data rate as shown in FIG. 11. and as 
might be increased to two (M equals two) or more during the represented by block 17-9, FIG. 17. 

response interval 30 IB, FIG. 15. If the decision at 17-* favors the high data rate, then the 
FIG. 16 shows a different switching implementation weighted evaluation of the RSSI samples may take place as 
which more heavily favors one rate (in this case a high data 20 indicated at 17-10, a flag being set as indicated at 17-11 
rate of 9600 baud) or the other. This could be the case when where the evaluation indicates marginal transmission con- 
no active terminals are communicating at one of the two ditions. 

rates, and only periodic transmissions at the unused rate are ai 17-12, jitter is evaluated and for the case of excessive 

necessary to provide access for terminals which might have jitter, a high jitter flag is set as indicated at 17-13 Where 

been out of range of the base or powered off. Thus in FIG. jitter is acceptable, but the weak signal flag is set, the 

16, three successive high data rate communication frames decision at 17-14 leads to use of the low data rate as 
331, 332, 333, alternate with a single low-data-rate camrau- indicated at 17-9. 

nication frame 334. As before, the successive nuilti-tenrJnal Far mc ^ of ^ put at 17-13, the temperature values 

contention polls may be at a data rate of 9600 baud as are checked as indicated at 17-15 and a tezr^KTature decision 

indicated at 311-1, 311-2 and 311-3, and the number of ^ # l7 _ u For tf mc unit is at an 

response slots at 312-1, 312-2 and 312-3 may be varied in extreme temperature this may result in a setting of a tcm- 

successive frames and in successive cycles of high data rate flag ^ indicated at 17-17. On the other hand, the 

and low data frames to dynamically adapt the system to the base ^ transmit its temperature condition to the 

instantaneous loading conditions at the respective data rates. ^ mobUe units so mat the mobile units can determine the 

Description of FIG 17 a< *?* tcn f*^ e ^ 

^ mobile unit and the base station and set the flag at 17-17 

For each of the preceding erribodiments, operation may be accordingly. In any event, the high jitter condition results in 

carried out at the mobile transceiver units generally as a return to the low data rate as indicated at 17-9. 

represented in FIG 17. In this sequence of operation, the ^ Where jitter is below a threshold and signal strength is 

base station issues a poll at the lower data rate which is adequate, the mobile unit may evaluate whether there has 

followed by a test pattern at the higher data rate. For FIGS. been a high rate of failures, and for example if there have 

13-16, the high data rate contention poll at 311 or 311-1 been a given number of such failures (e.g. two or two out of 

constitute the test signal. three attempts), then control may pass to a decision block 

The mobile transceiver units initialize for reception of the 45 17-19 which may normally determine for the low rate unless 

low data rate poll as indicated at 17-1 and wait for the start under the present circumstances of temperature or elapsed 

of the poll as indicated at 17-2 When the poll is received, time or the like it is determined that it is time to retry at the 

it is decoded as indicated at 17-3 and the RSSI reading is high rate. The decision block 17-18 together with the block 

sampled as indicated in 17-4. If the evaluation of the poll as 17-19 then safe guards against a circumstance where the 

indicated at 17-5 is favorable, the mobile unit switches to 30 mobile unit might otherwise continue to try the high data 

receive a test pattern at the high data rate as indicated at 17-6 rate in spite of repeated failures. The retry criteria may be as 

and processes the high data rate test pattern as indicated at previously described with respect to FIGS. 6 through 12 If 

17-7. the decision is to attempt response at the high rate as 

Referring to the embodiment of FIGS. 13-16, each time indicated at 17-2#, the mobile unit may respond in a 

the multiple rate mobile units are reset by the base, the 55 randomly selected time slot with a response (e.g. at the low 

mobile transceivers may be placed in low date rate receiving data rate) signifying that further communication is to take 

condition, whereupon the base station sends a low data rate place during individual polling of the identified mobile unit 

poll e.g. at 3##, FIG. 13. When a valid low data rate poll with at the high data rate for example as represented with respect 

characteristics (e.g. sampled and properly weighted signal to mobile unit number two in FIG. 11. 

strength) favorable to the use of the high data rate for the 60 For meernbodiments of FIGS. 13-16, where the high data 

transmission of collected data, has been received by a given rate contention poll (e.g. at 311) is treated as a high data rate 

multiple rate mobile unit the transceiver of such mobile unit test signal for processing as at 17-7 in FIG. 17, the decision 

is switched to receive a high rate contention poll signal as at process at 17-8 et seq. in FIG. 17 may proceed concurrently 

311, FIGS. 13, 14 and 15, or as at 311-1, FIG. 16. The steps . with the random selection of a response slot and switching 

-following step 17-7 in FIG. 17 wo uld t he n i nv o lv e eyal u a- 63 to^iigh data rate uausmit mode, so dial if the mobile unit is 

tion of such high data rate contention poll for validity and to respond to the high data rate contention poll, such 

evaluation of the characteristics of the received high data response can take place at any of slots SI, S2, S3, or S4, for 
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example, during interval 312, FIG. 14. Of course, for the number of response slots to allow responses by all mobile 

case where the switching to the high data transmit mode is units. The base station could send a low data rate contention 

only made at 17-20, the interval between the contention poll poll with a large number of response slots several times in 

and the first response slot will provide for maximum pro- succession, and the mobile units could randomly determine 

cessing time and the required switching time. $ which contention poll to respond to, as well as randomly 

With respect to decision block 17-19, as a simple determining which of the large number of time slots to 

example, in the fail-safe condition, the mobile unit might respond in. 

continue to respond at the lower rate for some number of fa example, after a base initiated reset, a multiple 

polls (such as live) before attempting to try the high rate data-rate mobile unit had scanner data to transmit, such 

response procedure at 17-29. 10 mobile unit could await a test signal, eg. as at 311, FIGS. 13, 

The flags for different failure mechanisms are only 14, or 15, or 311-1, FIG. 16. If a determination was made 

included in the example of FIG 17 so that some history can that high data rate transmission of the collected data should 

be maintained for use in making retry decisions (if a more be attempted, the mobile unit could proceed as described 

complex retry algorithm is desired). The flags can be here for the respective embodiments of FIGS. 13-16. Once 

omitted, in which case the "No" output of the RSSI thresh- 15 having selected high data rate operation, a mobile unit could 

old decision block 17-10 can go directly to the low-rate continue to monitor high data rate contention polls for the 

Mock 17-9 and the decision block 17-14 and the temperature examples of FIGS. 13-16. Thus if the base station dynami- 

processing blocks 17-15, 17-16 and 17-17 can be omitted cally varied the proportion of high data rate and low data rate 

since they are superfluous if jitter is acceptable. The "No" polls as in the embodiment of FIG. 16, it would not be 

output of block 17-12 would lead to low data rate block 17-9 20 necessary to advise the mobile units of the changes in the 

where the flags are omitted. pattern. The mobile units could be programmed to switch to 

Many modification and variations win be apparent from low data rate operation whenever a failure of commiinica- 

the foregoing disclosure. For example, the base station could tkm occurred at the high data rate, but otherwise to remain 

have provision for parallel baseband processing of received in high data-rate mode e.g. for a suitable time, e.g. five 

and demodulated signals, eg. the demodulated signal being 25 seconds. By switching to the low data-rate mode after five 

supplied in parallel to a 4800-baud analog processor and to seconds, the mobile unit would be assured of being notified 

a 9600-band analog processor. The baseband digital pro- of a pending message from the base station even if the base 

cessing section would include a 4800-baud receive buffer station was supplying high data rate contention polls very 

and a 9600-baud receive buffer so that the base station could infrequently or not at all because of very light traffic at a high 

receive a signal at either 4800 baud or 9600 baud whenever 30 data rate. A mobile unit could be programmed to send its 

the base station was in receive mode. Then for the embodi- data message at the low data rate, e.g. if it waited for a 

ment of FIGS. 11 and 17, for example, the various mobile specified time such as live seconds, and failed to receive a 

units with data messages to send could all send the same high data rate contention poll within such specified time 

type of response signal (ie. their respective addresses but interval. 

without specifying a data-rate selection) in randomly 35 *x» . 0 t _ u * 

selected time slots pursuant to an affirmative decision at Example of the Dynamic Selection of Number of 

17-5. the further steps of FIG. 17 would then determine Response Slots 

whether to respond to a specific poll addressed to the For the case of contention polling as in the various 

respective mobile unit, using a high data rate or a low data embodiments including FIG. 5 herein, the base station may 

rate for the transmission e.g. of collected scanner data. Such 40 dynamically vary the number of response time slots (such as 

specifically addressed polls of individual mobile units could 41-44, FIG. 5) according to traffic at a fixed data rate, or 

all be sent by the base station at the low data rate. IF a given dynamically vary the respective numbers of slots 

mobile unit sent its data message at the high data rate, the associated with respective different data rate contention 

base high data rate receive buffer would automatically polls (e.g. as in FIGS. 13-16). 

receive the data and transfer it for processing. The base 45 Fof cad| data mc a number of response slots for each 

station would not need to be informed in advance of the data contention poll may be set in order to force toe ratio between 

rate decision made by the mobile unit e.g. pursuant to FIG. ^ number ^ empty response slots (wherein no mobile unit 

17. responses are received) and all other slots (ones with suc- 

Many other and further modifications and variations may cessful responses or collisions) to tend toward eighty per- 

be made without departing from toe broader teachings and 50 ccnt 

concepts of the present invention. ff ^ c ratio computed for twenty successive slots is 

Supplemental Discussion between sixty percent and seventy percent, then the base 

_ , . _ „ r „ • TTffi c - controller would add one additional slot (e.g. a fifth slot in 

For a protocol such as toe one shown in FICx. 5, a zz„ ^ , ^ , . . x * 4 . 

' * F ^ . t K „ « FIG. 5) for the next transmission of the contention poll. 

contention polling message is transmitted having a fifteen 55 1 t 

millisecond header, a start of message block, a code iden- If the ratio computed for ten successive slots is less than 

drying the message as a multi-terminal polL a block speci- sixty percent then the controller would add two additional 

tying the number of time slots which may be selected for slots (e.g. fifth and sixth slots in FIG. 5) so that the next 

response, a block identifying the addresses of mobile units contention poll from the base would specify the previous 
for which the base station has a message, a cyclic «, numbcr rf s,ots increased by two (e.g. six slots in FIG. 5). 

redundancy-check character, and an end of message char- If the ratio computed for thirty successive slots was over 

acter. The same format may be used for a high data-rate ninety percent, the base controller would reduce the number 

contention poll, the header then containing seventy-five bits of slots by one (e.g. to three in FIG. 5). 

at a ant* rate of %00 hawt (inst ead of 37.5 bits at 4800 Finally, if no empty slots were observed over seven 



baud). 65 successive slots (ratio equals zero), toe base controller could 

In a base initiated reset the base station would transmit a switch to a serial poll protocol where each mobile unit is 
low data rate reset message and would allocate a large polled in sequence, or for toe example of FIG. 16, if feasible. 
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change the proportion of low data rate and high data rate 
polling communication frames. 

The foregoing example demonstrates several advantages 
of dynamic adaptive control of number of response slots, or 
more generally of response time intervals following a con- 5 
tendon poll. First when little traffic is present, few response 
slots are allocated. This reduces to a minimum the amount 
of system overhead required and therefore the response time 
is kept to a minimum for mobile terminals needing the 
channel. Second, the rate at which slots are added and 10 
removed can be tailored to handle burst traffic loading 
without causing the system to overload. Third, the protocol 
can be changed, if required, to support high system loading. 
Additionally, dormant polling protocol features may be 
added which optimize the response time during very low 15 
system loading. 

The method and apparatus of the present invention is of 
particular utility when applied to a spread spectrum radio 
broadcast system, especially one that includes frequency 
hopping. A spread spectrum broadcasting system uses a 
sequential pseudo-noise signal to spread a signal that is in a 
relatively narrow band over a wider range of frequencies. It 
is the subject of standards issued by the Federal Commu- 
nications Commission (FCC) that provide usable spectrum 
at low power levels for communication in limited areas such 
as warehouses, office buildings, and the nice. The use of 
sprcadspectnim techniques minimizes interference with oth- 
ers using the same channels in the spectrum. 

Frequency hopping is the switching of transmitted fire- ^ 
quencies according to a sequence that is fixed or pseudo- 
random and that is available to the sending and receiving 
stations. The combination of frequency hopping with spread 
spectrum increases the need for some form of eircr detection 
or correction. This may be accomplished either by error- ^ 
correction codes or by repeated transmission of messages. 

It will be apparent that many further modifications and 
variations may be effected without departing from the scope 
of the teachings and concepts of the present invention. 

What is claimed is: 40 

1. In a radio frequency data <x>mmunication network 
having a base station and a plurality of computing devices 
mat comprises a plurality of roaming transceivers that are 
battery powered, wherein the base station supports commu- 
nication among the plurality of computing devices within a 45 
premises, a method comprising: 

evaluating, by the base station, current communication 
channel conditions; 

dynamically selecting, by the base station, either a polling 
protocol or a carrier sense protocol based on the 50 
evaluation; and 

dynamically selecting, by the plurality of roaming 
transceivers, the carrier sense protocol after determin- 
ing through monitoring the communication channel 
that the polling protocol is not in use. 

2. The method of claim 1 further comprising adjusting, by 
the base station, parameters of the polling protocol based on 
current communication channel conditions when the polling 
protocol is selected. 

3. The method of claim 2 wherein the parameters com- 
prise a polling rate. 
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4. The method of claim 1 wherein the dynamic selection 
by the base station comprises a use of hysteresis to manage 
the dynamic selection. 

5. In a radio frequency data communication network 
located within a premises and having a base station and a 
plurality of roaming transceivers that are battery powered, a 
method comprising: 

evaluating, by the base station, current communication 
channel conditions; 

depending on the evaluation, dynamically, by the base 
station, either selecting a polling protocol for managing 
communication with the plurality of roaming transceiv- 
ers or selecting a protocol which relinquishes control of 
communication to the plurality of roaming transceiv- 
ers; 

listening on the communication channel, by the plurality 
of roaming transceivers, to dynamically identify which 
protocol is currently selected; and 

communicating, by the plurality of roaming transceivers, 
utilizing the selected protocol 

6. The method of claim 5 further comprising adjusting, by 
the base station, parameters of the polling protocol based on 
current communication channel conditions when the polling 
protocol is selected. 

7. The method of claim 6 wherein the parameters com- 
prise a polling rate. 

8. Hie method of claim 5 wherein the dynamic selection 
by the base station comprises a use of hysteresis to manage 
the dynamic selection. 

9. In a radio frequency data communication network 
located within a premises and having a base station and a 
plurality of roaming transceivers that are battery powered, a 
method comprising: 

dynamically selecting, by the base station, cither a first 
protocol that requires periodic transmissions by the 
base station to managing communication among the 
plurality of roaming transceivers, or a second protocol 
that does not require periodic transmissions by the base 
station to permit management of communication by the 
plurality of roaming transceivers; and 

dynamically selecting, by the plurality of roaming 
transceivers, the second protocol after failing to iden- 
tify periodic transmissions by the base station. 

10. The method of claim 9 wherein the first protocol 
comprises a polling protocol. 

11. The method of claim 9 wherein the second protocol 
comprises sensing that the channel is clear before one of the 
plurality of roaming transceivers attempts to transmit 

12. The method of claim 10 further comprising adjusting, 
by the base station, parameters of the first protocol based on 
prior communication characteristics when the first protocol 
is selected. 

13. The method of claim 12 wherein the parameters 
comprise a polling rate, 

14. The method of claim 9 wherein the dynamic selection 
by the base station comprises a use of hysteresis to manage 
the dynamic selection. 
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